PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLI SHED UNDER THE PATENT COO PERATION TREATY (PCT) 



(51) International Patent Classification 6 
C07D 401/06, A61K 3y47 



(21) International AppUcation Number: PCT/EP96/0466I 

(22) International FUlng Date: 25 October 1996 (25.10.96) 





(11) International Publication Number: 


W0 97A6443I 


Al 


(43) International Publication Date: 


9 May 1997 (09.05.97) 



EP 



(30) "^SSh. 31 October 1995 (31.10.95) 

(34; Cowaries for which the regional or 

international application was filed: DE ct al. 



(71) Applicant (for all designated States except US): ^ANSSe4 
PHARMACEUnCA N.V. [BE^E]; Tumhoutscwcg 30, B- 
2340 Bccrsc (BE). 

(72) Inventors; and _ ^ . . __,„,. 
(75) Inventors/Applicants (for US pnly): DavidJVil 

[US/US]; 1718 E. Butler Pike. Ambler, PA 19002 (US). 
VENET Marc, Gasron [FR/FR]; 10, square dc Bourgognc, 
F.76240' Lc Mesnil-Esnaid (FR). ANGIBAUD. Patrick, 
Rend [FR/FR]; 18. rue de la detente, F-27100 Val-dc-Rcuil 
(FR). SANZ, Gerard, Charles [FR/FR]; 6. rue Alfttd-Dunet. 
F-76240 Lc Mcsnil-Esnard (FR). 

(74) Agent- DE CORTE. Filip; Janssen Pharmacculica N.V., Patent 
Dept., Tumhoutscwcg 30. B.2340 Bccrsc (BE). 



(54) TlUe: FARNESYL TRANSFERASE INHIBmNG 2.QUIN0L0NE DERIVATIVES 



CU. CZ, EE, GE, HU, IL. IS. IP, KG. KR, LC, LK, LR. 
LT LV, MD. MG, MK, MN, MX, NO, NZ. PL, RO, SG. 
SI. SK, TR. TT. UA. US. UZ. VN. ARIPO patent (KE, LS. 
MW, SO. S2. UG), Eurasian patent (AM, AZ, BY, KG. KZ. 
MD. RU, TJ, TM), European patent (AT. BE. CH, DE, DK. 
ES, Fl, FR, GB. GR. IE. TF. LU, MC. NL. PT. SE). OAPI 
patent (BF. BJ. CF. CG. 01, CM. GA. GN. ML. MR. NE. 
SN. TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 




(D 



(57) Abstract 



The present invention is concerned with compounds of fonnula (I), the '^^"^ZtJ^ZV^^xt oxv«n oJ™" R'"u 
Sl^i^hat. R'Ms m4^^ Ci^alkyu. having famesyl transferase inhibiting activity; their pn^paiat.on. compositions conia,n,ng them 



and their use as a medicine. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armentt ' 


GB 


United Kingdom 


MW 


Malawi 


AT 


. Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Baibados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungaiy 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


BeniD 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belams 


KG 


Kyrgysian 


RU 


Russian Federation 


CA 


Canada 


KP 


[)efnocr&tic People's Republic 


SD 


Sudan 


CF 


Ceniral African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singepofc 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


COte d'lvoirt 


U 


Lieduenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


cs 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Gennany 


LV 


Latvia 


Ti 


Ta^iatan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


E5 . 


Spain 


MG 


Madagascar 


UG 


Uganda 


PI 


Finland 


ML 


Mali 


US 


United States of America 


FR 


Rince 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR . 


Mauritania 


VN 


Viet Nam 



wo 97/16443 



PCT/EP96/04661 



-1- 

Famesyl transferase inhibiting 2-quinolone derivatives 



The present invention is concerned with novel 2-quinolone derivatives, the preparation 
5 thereof, pharmaceutical compositions comprising said novel compounds and the use of 
these compounds as a medicine as well as methods of treatment by administering said 
compounds. 

Oncogenes ftcquently encode protein components of signal transduction pathways which 

10 lead to stimulation of cell growth and miiogenesis. Oncogene expression in cultured cells 
leads to ccUular transformation, characterized by the ability of cells to grow in soft agar 
and the growth of cells as dense foci lacking the contact inhibition exhibited by non- 
transformed cells. Mutation and/or overexpression of certain oncogenes is frequently 
associated with human cancer. A particular group of oncogenes is known as ras which 

15 have been identified in mammals, birds, insects, mollusks, plants, fungi and yeasts. The 
family of mammalian ras oncogenes consists of three major members ("isoforms") : 
H-ros, K-ras and N-ras oncogenes. These ras oncogenes code for highly related proteins 
generically known as p21''^. Once attached to plasma membranes, the mutant or 
oncogenic forms of p2l''^ will provide a signal for the transformation and uncontrolled 

20 growth of malignant tumor cells. To acquire this transforming potential, the precursor of 
the p2V^ oncoprotein must undergo an enzymatically catalyzed famesylation of the 
cysteine residue located in a carboxyl-terminal tetrapeptide. Therefore, inhibitors of the 
enzyme that catalyzes this modification, famcsyl protein transferase, will prevent the 
membrane attachment of p21^^ and block the aberrant growth of ray-transformed 

25 mmors. Hence, it is generally accepted in the art that famesyl transferase inhibitors can 
be very useful as anticancer agents for tumors in which ras contributes to transformation. 

Since mutated, oncogenic forms of ras are frequendy found in many human cancers, 
most notably in more than 50 % of colon and pancreatic carcinomas (Kohl et al., 
30 Science, vol 260, 1834 - 1837, 1993), it has been suggested that famesyl tranferase 
inhibitors can be very useful against these types of cancer. 

In EP-0,371,564 there are described (l//-azoI-l-ylmethyl) substituted quinoline and 
quinolinone derivatives which suppress the plasma elimination of reunoic acids. Some 
35 of these compounds also have the ability to inhibit the formation of androgens from 
progestines and/or inhibit the action of the aromatase enzyme complex. 

Unexpectedly, it has been found that the present novel compounds, all possessing a 
phenyl substiiucni on the 4-posinon of the 2-quinolone-moieiy, show famesyl 
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iransferase inhibiting activity. 

The present invention encompasses compounds of fonnula (I) 



r3 



5 




the phannaceutically acceptable acid or base addition salts and the stereochemically 
isomeric forms thereof, wherein 
the dotted line represents an optional bond; 
10 X is oxygen or sulfur: 

Rl is hydrogen, Ci-i2alkyl, Arl, Ar^Ci-ealkyl, quinolinylCi-ealkyl, pyridylCi-galkyl, 
hydroxyCi-ealkyl. Ci^kyloxyCi-ealkyl, mono- or di(Ci^alkyl)aminbCi.6allcyl, 
aminoCi-galkyl, 

or a radical of formula -Alk»-C(=0)-R9 -Alkl-S(0)-R5* or -Alk'-S(0)2-R', 
15 wherein Alk' is Ci-^alkanediyl, 

R5 is hydroxy, Ci-ealkyl, Ci^lkyloxy, amino, Ci-galkylamino or Ci-galkylamino 
substituted with C^galkyloxycarbonyl; 
R2 and R^ each independently are hydrogen, hydroxy, halo, cyano, Ci-galkyl, 
Ci-ealkyloxy, hydroxyCi-^alkyloxy, Ci-ealkyloxyCi-galkyloxy, aminoCi-ealkyloxy, 
20 mono-OTdi(Ci.6alkyl)aininoCi.6alkyloxy, At'. Ar2Ci.6alkyl, Ar2oxy, 
Ar^Ci^lkyloxy, hydroxycarbonyl, Ci-ealkyloxycarbonyl, trihalomeihyl, 
iiihalomethoxy, C2.6&lkenyl; m 

when on adjacent positions R^ and R^ taken together may form ai bivalent radical of 
formula 

25 -O-CH2-O- (a-1). 

.O-CH2-CH2-O- (a-2). 
-0-CH=CH- (a-3). 
-O-CH2-CH2- (a-4). 
-O-CH2-CH2-CH2- (a-5), or 
30 -CH=CH-CH=CH- (a-6); 

R** and R5 each independently are hydrogen. Ar>, Ci.6aikyl, Ci-6alkyloxyCi^alkyl, 
Ci-gaJkyloxy, Ci-^alkylthio, amino, hydroxycarbonyl, Ci^alkyloxycarbonyl, 
Ci.6alkylS(0)Ci.6alkyl or Ci.6alkylS(0)2Ci.6alkyl; 
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r6 and R'7 each independently are hydrogen, halo, cyano, Ci-^alkyl, Cj-ealkyloxy or 
Ar^pxy; 

r8 is hydrogen, Ci-6^kyi, cyano, hydroxycarbonyl, Ci-ealkyloxycaibonyl, 
Ci-6alkylcarbonyICi-6alkyI, cyanoCi.6alkyl, Ci-6alkyloxycarbonylCi.6alkyU 
5 hydroxycarbonylCi-6alkyl, hydroxyCi^kyl, aminoCi-ealkyl, mono- or 
di(Ci-6alkyl)aminoCi.6alkyl, haloCi-salkyl, Ci-6alkyloxyCi.6alkyl, 
aminocarbonylCi-6alkyl, Ar^, Ar^i^alkyloxyCi.6alkyl, Ci-gaUcylthioCj-ealkyl; 
RlO is hydrogen, Ci^lkyl. Ci^lkyloxy or halo; 
R^Ms hydrogen or Ci-6alkyl; 
10 Ar^ is phenyl or phenyl substituted with Ci.6alkyl,lq^droxy,amino,Ci..6alkyloxy or halo; 
Ar^ is phenyl or phenyl substituted with Ci-^alkyUhydroxy, amino, Q-ealkyloxy or halo. 

As used in the foregoing definitions and hereinafter halo defines fluoro, chloro, bromo 
and iodo; Ci^lkyl defines straight and branched chained sanirated hydnxarbon radicals 

15 having from 1 to 6 carbon atoms such as, for example, methyl, ethyl, propyl, butyl, 
pentyl, hcxyl and the like; Ci-galkyl encompasses the straight and branched chained 
saturated hydrocarbon radicals as defined in Ci.6alkyl as well as the higher homologues 
thereof containing 7 or 8 carbon atoms such as, for example hcptyl or octyl; Ci.naikyl 
again encompasses Ci.galkyi and the higher homologues thereof containing 9 to 12 

20 carbon atoms, such as. for example, nonyl, decyl, undecyl, dodecyl; C2^alkcnyl defines 
straight and branched chain hydrocarbon radicals containing one double bond and having 
from 2 to 6 carbon atoms such as, for example, cthcnyl, 2-propenyl, 3-butenyl, 
2-pcnienyl, 3-pcntenyl, 3-meihyl-2-buicnyl, and the like; Ci-galkancdiyl defines bivalent 
straight and branched chained saturated hydrocarbon radicals having from 1 to 6 caii>on 

25 atoms, such as, for example, methylene, 1,2-cthanediyl. 1,3-propanediyl, 1,4-butanc- 
diyl, 1,5-pentanediyl, 1,6-hexanediyl and the branched isomers thereof • The term 
**C(=0)" refers to a carbonyl group. The term "S(0)" refers to a sulfoxide and the term 
••S(0)2" to a sulfon. 

30 The pharmaceutically acceptable acid or base addition salts as mentioned hereinabove are 
meant to comprise the therapeutically acdve non- toxic acid and non-toxic base addition 
salt fomis which the compounds of formula (I) are able to form. The compounds of 
fonnula (I) which have basic properties can be converted in their pharmaceutically 
acceptable acid addition salts by treating said base form with an appropriate acid. 

35 Appropriate acids comprise, for example, inorganic acids such as hydrohalic acids, e.g. 
hydrochloric or hydrobromic acid; sulfuric; nitric; phosphoric and the like acids; or 
organic acids such as^ for example, acetic, propanoic, hydroxyaceiic, lactic, pyruvic, 
oxalic, malonic, succinic (i.e. butanedioic acid), maleic, fumaric, malic, tartaric, citric. 
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meihanesulfonic, cihancsulfonic, benzenes ulfonic, p-ioluenesulfonic, cyclamic, salicylic, 
p-aminosalicyiic, pamoic and the like acids. 

The compounds of formula (I) which have acidic properties may be converted in ihcir 
pharmaceudcally acceptable base addition salts by treating said acid form v/iih a suitable 
5 organic or inorganic base. Appropriate base salt forms comprise, for example, the 
ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium, sodium, 
potassium, magnesium, calcium salts and the like, salts with organic bases, e.g. the 
benzathine, N-methyl-D-glucamine, hydrabamine salts, and salts with amino acids such 
as, for example, arginine, lysine and the like. 
10 The terms acid or base addition salt also comprise the hydrates and the solvient addition 
forms which the compounds of fonhula (I) are able to form. Examples of such fonns are 
e.g. hydrates, alcoholates and the like. 

The term stercochemically isomeric forms of compounds of formula (I), as used 
15 hereinbefore, defines all possible compounds made up of the same atoms bonded by the 
same sequence of bonds but having di^eitnt thiee-dimensicnial structures which are not 
interchangeable, which the compounds of formula (I) may possess. Unless otherwise 
mentioned or indicated, the chemical designation of a compound encompasses the 
mixture of all possible stereochemically isomeric forms which said compound may 
20 possess. Said mixture may contain all diastereomers and/or enantiomers of the basic 
molecular structure of said compound All stereochemically isomeric forms of the 
compounds of formula (I) both in pure form or in admixture with each other are intended 
to be embraced within the scope of the present invention. 

Some of the compounds of formula (I) may also exist in their tautomeric forms. Such 
25 forms although not explicitiy indicated in the above formula are intended to be included 
within the scope of the present invention. 

Whenever used hereinafter, the term "compounds of fomiula (I)" is meant to include also 
the pharmaceudcally acceptable acid or base addition salts and all stereoisomeric forms. 

30 X is preferably oxygen. 

is suitably hydrogen; Ci-6alkyl, preferably methyl, ethyl, propyl; Ar^ preferably 

phenyl; Ar^i-ealkyl, preferably benzyl, methoxyphcnylcthyl; a radical of formula 

-Alk-C(=0)-R', wherein Alk preferably is methylene, and preferably is hydroxy; 

Ci.«alkyloxy, e.g. ethpxy; Ci-galkylamino substituted with Ci.6^1kyloxycarbonyl. 
35 R2 and R^ each independentiy are suitably hydrogen, halo, preferably iluoro, chloro, 

bromo; Ci-ealkyl, preferably methyl, trihalomeihyl, preferably trifluoromethyl; 

Ci-6alkyloxy, preferably mcthoxy or ethoxy; Ar^oxy, preferably phenoxy; 

Ar^C I .^kyloxy,. preferably benzyloxy; trihalomethoxy, preferably trifluoromcthoxy. 
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and each independently are suitably hydrogen; Ar^ preferably phenyl; Ci^alkyl, 
preferably methyl; Ci^kylthio, preferably mcihylihio; amino; Ci-^alkyloxycarbonyl, 
preferably methoxycarbonyl. 

R6 and R*^ each independently are suitably hydrogen; halo, preferably chloro, fluoro; 
5 Ci-6alkyK preferably methyl; Ci-galkyloxy, preferably methoxy. 

R8 is suitably hydrogen; Ci^alkyl. preferably methyl, ethyl or propyl; Arl, preferably 
chlorophenyl; Ci.6alkyl substituted with hydroxy (preferably hydroxymethylene), 
Ci-galkyloxy (preferably methoxymethylenc), amino, mono- or di-Ci-ealkylamino 
(preferably A/^-dimcthylaminomethylene)» Ar^Ci-ealkyloxy (preferably chlorobenzyl- 
10 oxymeihyl) or Ci ^Ikyl thio (methylthiomethylene). 
Rib and Rl ^ are hydrogen. 

Preferably ihe substituent Rl^ is situated on the 5 or 7 position of the quinolinone moiety 
and substituent Rl Ms situated on the 8 position when RlO is on the 7-posiDon. 

An interesting group of compounds arc those compounds of fomula (I) wherein Rl is 
hydrogen, CM2alkyl or Ci.6alkyloxyCi.6alkyL 

Another group of interesting compounds arc those compounds wherein R^ is hydrogen 
20 and R^ is halo, preferably chloro, especially 3-chloro. 

Still another group of interesting compounds arc those compounds whercin R2 and R3 
arc on adjacent positions and foim a bivalent radical of formula (a- 1 ). 

25 A further group of interesting compounds are those compounds whercin R^ is hydrogen 
and R4 is hydrogen, Ci.6alkyl or Ar^, preferably phenyl. 

Still another group of interesting compounds are those compounds of formula (I) 
wherein R^ is hydrogen and R^ is halo, preferably chloro, especially 4-chloiD. 

30 

Panicular compounds are those compounds of formula G) wherein R^ is hydrogen, 
Ci.6alkyl or hydroxyCi^lkyl. 

More interesting compounds arc those interesting compounds of formula (I), whercin Rl 
35 is methyl, R2 is 3-chloro, R^ is hydrogen or 5-metiiyl, R^ is hydrogen, R^ is 4-chloro, 
and R8 is hydrogen, Ci^lkyl or hydioxyCi-ealkyl. 

Preferred compounds are 

4-(3-ch]orophenyl)-6-[(4-chlorophenyl)- l/Z-imidazol- 1 -ylmeihyl]- 1 -methyl- 
40 2(l//)-quinolinone; 
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4-(3<hlorophcnyl)-6-[(4-chloirophenyl). l/Z-imidazoUl -ylmcihyl^ 

6-[ l-(4-chlorophcnyi)-2-hydroxy- 1 •(! //-imidazol- l-yl)cthyl]- 1 -methyl-4-phcnyl-2(l//)- 

quinolinone; 

4-(3-chlorophenyl)-6r( 1 •(4-chlorophenyl)- 1 -( 1 //-imidazol- 1 -y l)ethyl]- 1 -methyl-2(l//)- 

5 quinolinone; 

4-(3-chlorophenyl)-6-[l-(4.chlorophcnyl)-l-(5-meihyl-l//-imid^ 
methyI-2(l//)-quinolinone; 

4-(3-chlorophenyI)-6-(l-{4<hlorophenyl)-2-hyciroxy-l-(l//-imidazol^ 
nicihyl-2(l//)-quinoIinonc; 

10 4-(3<hlorophenyI)-6-[(4«chlorophcnyl)(l//4midazol-l-yl)meihyl]-l-(2-ma^^ 
2(l//)-quinolinone ethancdioate (2:3).monohydrate; 
6-[(4-chlorophcnyl)(l//Mmidazol-l-yI)meihyl]-4-(13-benzodioxol-5-yl> 
2(l//)-quinolinone cihanedioate(l:l); ihe stereoisomeric forms and the pharmaceudcally 
acceptable acid or base addition salts thereof. 

15 

The compounds of formula fl) can be prepared by Af-alkylating an imidazole of fonnula 
(II) or an alkali metal salt thereof with a derivative of formula (HI). 




A^-alkylation 



In formula (IE) W represents an appropriate reactive leaving group such as, for example, 
halo, e.g., fluoro, chloro, bromo, iodo or a sulfonyloxy group, e.g. 4-methylbenzene- 
sulfonyloxy, benzenesulfonyloxy, 2-naphthalenesulfonyloxy, methanesulfonyloxy, 
ififluoromethanesulfonyloxy and the like reactive leaving groups. 

The above described A^-alkylarion is conveniendy carried out by stirring the rcactants in 
the presence of a suitable solvent such as, for example, a polar apronc solvent, e.g. 
/S^/Z-dimeihylformamide, A^//-dimethylacetamide, dimethyl sulfoxide, acetonitrile; 
preferably in the presence of an appropriate base such as, potassium carbonate, or an 
30 organic base, such as, for example, //A-dimethyl-4-pyridinaminc, pyridine, 

A^//-diethyleihanamine. In some instances it may be advantageous to use an excess of 
imidazole (II) or to convert imidazole first into a suitable salt form thereof such as, for 
example, an alkali or eanh alkaline metal salt, by reacting (II) widi an appropriate base as 
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defined hereinabove and subsequently using said salt form in the reacdon with the 
alkyladng reagent of fonnula (01). 

The compounds of formula (I) may also be prepared by reacting an intermediate of 
5 formula (IV) with a reagent of formula (V). wherein Y is carbon or sulfur, such as. for 
example, a l,r-carbonyl-bis[l //-imidazole]. 




(I) 



10 Said reaction may conveniently be conducted in a suitable solvent such as, for example, 
an ether, e.g,, tetrahydrofuran; optionally in the presence of a base, such as sodium 
hydride. 

Ih all of the foregoing and following preparations, the reaction products may be isolated 
15 from the reaction mixture and. if necessary, further purified according to methodologies 
generally known in the art such as. for example, extraction, distillation, crystallization, 
trituration and chromatography. 

The compounds of formula (I) wherein the dotted line represents a bond, said 
20 compounds being defined as compounds of formula (l-di) may also be obtained by 
cyclizing an intermediate of formula (VI). 




cyclization 



25 



The cyclization reaction of (VI) may be conducted according to an-known cyclizing 
procedures as described in. for example, Synthesis, 739 (1975). Preferably the reaction 
is carried out in the presence of a suitable Lewis acid, e.g; aluminium chloride cither neat 
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0 



5 



0 



5 



or in a suitable solvent such as, for example, an aromatic hydrocarbon, e.g. chtoro- 
bcnzcnc. Somewhat elevated temperatures may enhance the rate of the reaction. Also, 
depending on the nature of the subsiituems R^/R^ these subsdtuents on one phenyl 
moiety may be different from the substiwents R^/R^ on the other phenyl moiety, as 
described in Natarajan M. et al., Indian Journal of Chemistry, 23B:720 - 727 (1984). 

Compounds of formula (I-a-1), wherein R^ is hydrogen, X is oxygen and the doited line 
represents a bond, can be prepared by hydrolysing intermediates of fonnula (XXVI), 
wherein. R is Ci-6alkyl, according to an-known methods, such as stirring the 
intermediate (XXVI) in an aqueous acid solution. An appropriate acid is for instance 
hydrochloric acid. Subsequently, compounds of fonnula (I-a-1) may be convened to 
compounds of formula (I-a) by an-known /V-aikylation methods. 




(XXVI) 




(I-a-1) 



A compound of fonnula (I-b), defined as a compound of formula (I) wherein R^ is 
hydroxymeihylene, may be prepared by opening an epoxide of fonnula (VII) with an 
imidazole of formula (II). 




H 

(II) 



(VII) 




(I-b) 



Compounds of formula (I), wherein is hydrogen and X is oxygen, said compounds 
being defined as compounds of formula (I-f-l) may be prepared by reacting a nitrone of 
formula (XV) with the anhydride of a carboxylic acid, such as, for example, acetic 
anhydride, thus forming the corresponding ester on the 2 position of the quinoline 
moiety. Said quinoline esier can be hydrolyzed in siiu lo the con^esponding quinolinone 
using a base such as, for example, potassium carbonate. 
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(XV) (M.l) 

Ahernadvely, compounds of formula (I-f- 1 ) can be prepared by reacting a nicronc of 
5. formula (XV) with a sulfonyl containing electrophilic reagent such as, for example, 
p-iolucnesuifonylchloride in the presence of a base such as, for example, aqueous 
potassium carbonaie. The reaction initially involves the formation of a 2-hydroxy- 
quinoline derivative which is subsequently lautomerized to the desired quinolinone 
derivative. The application of art-known conditions of phase transfer catalysis may 
10 enhance the rate of the reacdon. 

Compounds of formula (I-f-1) may also be prepared by an intramolecular photochemical 
rcaiiangement of compounds of formula (X V). Said rcanangcment can be cauied out by 
dissolving the reagents in a reaction-inert solvent and irradiating at a wavelength of 366 
15 nm. It is advantageous to use degassed solurions and to conduct the reaction under an 
inert atmosphere such as, for example, oxygen free argon or nia*ogen gas. in order to 
minimize undesired side reactions or reduction of quannim yield. 




Compounds of formula of formula (I), wherein is hydrogen, said compounds being 
defined as compounds of formula (I-c-l) may be converted into compounds of formula 
(I-c-2), wherein R^^ is defined as R' except for hydrogen. For example, compounds of 
formula (I-c-1) may be N-alkylaied with R^^-W^, wherein is a reactive leaving group 
25 such as, for example, halo or a sulfonyloxy group, in the presence of a base such as, for 
example, sodium hydride. 
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(I-Cl) (I-C.2) 



Said reaction may conveniently be carried out by mixing the reagents in a reaction-inert 
solvent such as, for example, A^,N-dimethylformamide. It may be advisable to carry out 
5 the reaction at slightly lowered temperatures. Additionally, it may be advantageous to 
conduct said N-alkylation under an inert atmosphere such as, for example, argon or 
nitrogen gas. Said reaction may also be performed using art-known Phase Transfer 
Catalysis (PTC) conditions, such as stirring the reactants in a mixture of an aqueous 
concentrated sodium hydroxide solution and an organic solvent, such as tetrahydrofuran, 
10 in the presence of a phase transfer catalyst, such as benzyitriethylammoniumchloride 
(BTEAQ. 

In the case where R^^ is aryl the N-alkylation may be performed by reacting a compound 
of formula (I-c- 1) with a reactant like diphenyliodonium chloride in the presence of 
IS cuprous chloride (CuCl) in an appropriate solvent, e.g. methanol, in the presence of a 
base such as sodium methoxide. 

Compounds of fonnula of formula (I), wherein is R^*^ and R^ is hydrogen, said 
compounds being defined as compounds of formula (I-d-1) may also be convened into 
20 compounds of formula (I-d-2), wherein R^^ is hydroxyCi^ealkyl, Cj^kyl, Ci-^^yl- 
oxyCi^alkyl, aminoCi-galkyl, mono- or di-Ci^alkylaminoCi-6alkyl. For example, 
compounds of formula (I-d-1) may be alkylated with a reagent of formula R^a-Wl, 
wherein Wl is a reactive leaving group such as for example, halo or a sulfonyloxy 
group, and in the presence of a base such as, for example, so(Uum hydride. 




(I-d-1) {I-d-2) 
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Said alkyladon may conveniently be carried out by mixing the reagents in a reaction-inert 
solvent such as, for example, tetrahydrofuran or /^,/V-dimethylformamide» in the 
presence of a base such as potassium rm-butoxide. Addidonally» it may be 
advantageous to conduct said alkylation under an inert atmosphere such as, for example, 
5 argon or nitrogen gas. 

A compound of formula (I-e), defined as a compound of formula (I) wherein X is sulfur 
may be prepared by reacting the corresponding compound of formula (I-O, defined as a 
compound of formula (I), wherein X is oxygen, with a reagent like phosphorus 
0 pentasulfide or La wesson's reagent (Ci4Hj4C)2P2S4). 



R^ 




Said reaction may be performed by stirring and optionally heating a compound of 
formula (1-0 in the presence of phosphorus pentasulfide (P4S10) or Lawcsson's reagent 
in a suitable solvent such as, for example, pyridine. 

The compounds of formula (I) may also be prepared by building up the imidazole ring as 
a final step. Such cyclization reactions are exemplified in example numbers 19 and 21. 

The compounds of formula (I) may also be converted into each other via an-kriown 
reactions or functional group transformations. A number of such transformations are 
akeady described hereinabove. Other examples are hydrolysis of carboxylic esters to the 
corresponding carboxylic acid or alcohol; hydrolysis of amides to the corresponding 
carboxylic acids or amines; amino groups on imidazole or phenyl may be replaced by a 
hydrogen by art-known diazotation reactions and subsequent rcplacemenc of the diazo- 
group by hydrogen; alcohols may be convened into esters and ethers; primary amines 
may be converted into secondary or tertiary amines; double bonds may be hydrogenated 
to the corresponding single bond. 

The intermediates described hereinabove can be prepared according to art-known 
methods. Some of these methods arc shown hercinunder. 

Intermediates of formula (IV) may be prepared by reacting a substituted 4-phenyl-2- 
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10 



15 



20 



quinolonc derivative of formula (VIII) with a carboxylic acid of formula (DC) or a 
functional derivative thereof, e.g. an acid chloride, yielding a ketone of formula (X). 
Said reaction is performed by stirring the reaciants in an appropriate solvent in the 
presence of an acid, such a polyphosphoric acid. Subsequently the ketone may be 
reduced yielding iniermediates wherein is hydrogen or are reacted with an appropriate 
addition reagent. 

Intermediates of formula (III) may be prepared starring from intermediates of formula 
(IV) by reacting an intermediate of formula (TV) with an appropriate reagent ip convert 
the hydroxy group into an reactive leaving group. Appropriate conversion reagents are 
for example, thionyl chloride to obtain iniermediates of formula (III) wherein W is chloro 
orchlorosulfiie; orp-tolucnesulfonylchloride to obtain intermediates of formula (HI) 
wherein W is /?-ioluenesulfonyl group. 

Intermediates of formula (VII) may be prepared by reacting a ketone of formula (X) with 
a sulfur ylide, e.g. dimethyloxosulfonium methylide, in appropriate conditions. 

Scheme I 




(Vlll) 



(III) 




(IV) 



(VII) 



The intermediates of formula (VI) may be prepared as depicted below in scheme II. A 
nitrophenylderivativc of formula (XI) is reacted with an imidazole of formula (H) in an- 
known conditions, yielding an intermediate of formula (XII). Said nitrophenyl derivative 
is subsequently reduced to give an aniline derivative of formula (XIII), which is then 
reacted with an acid derivative of formula (XIV) yielding an intermediate of formula (VI). 
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Scheme II 



H 

(II) 



H2N ^ 

(XIII) 



R^ <> ^) ^ 





(VI) 



The inrennediaic nitrones of formula (XV) may be prepared by iV-oxidizing quinoline 
5 derivatives of formula (XVI) with an appropriate oxidizing agent such as, for example, 
m-chloro-peroxybenzoic acid in an appropriate solvent such as, for example, dichloro- 
methane. Quinolines of formula (XVI) may be prepared in analogy with the conversion 
of intermediates of formula (X) to intermediates of formula (III) and subsequent 
/^-alkylation with intermediates of formula (II), but sianing from quinoline derivatives 
10 prepared according to an-known procedures, e.g. as described in J. Kenner et al., J, 
Chem. Soc. 299 (1935). Said //-oxidation may also be carried out on a precursor of a 
quinoline of formula (XVI). 



15 




//-oxidation 




The intemiediares of formula (XVI) are supposed to be metabolized into comfx>unds of 
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formula (I). Hence, intermediates of formula (XVI) may act as prodrugs of compounds 
of formula (I). 

The intennediates of formula (X-a), being intermediates of formula (X) wherein the 
5 dotted line is a bond, can be prepared according to scheme III. 

Scheme III 




(X-a-l) (X-a) 



In scheme ID, intermediates of formula (XVII) are reacted with intermediates of formula 
10 (XVni), wherein Z is an appropriately protected oxo group such as, e.g. 1,3-dioxolane, 
yielding intermediates of formula (XIX), which are subsequendy convened to interme- 
diates of formula (XX) using catalytic hydrogenation conditions, e.g. by using hydrogen 
gas and palladium on carbon in a reaciion-inen solvent such as, e.g. tetrahydrofuran. 
Intermediates of formula (XX) are convened to intermediates of formula (XXI) by 
15 submitting intermediates (XX) to an acetylation reaction, e.g. by treatment with the 
anhydride of a carboxylic acid, e.g. acetic anhydride in a reaction-inen solvent, e.g. 
toluene, optionally in the presence of a base to capture the acid liberated during the 
reaction, arid subsequent treatment with a base such as, e.g. potassium rm-butoxide in a 
reaction-inen solvent, e.g. 1,2-dimethoxyethane. Intermediates of formula (X-a^l), 
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being intermediates of formula (X-a) wherein is hydrogen, can be obtained by 
removing the protecting group Z from intermediates of formula (XXI) using an-known 
reaction conditions, e.g. acidic conditions. Intermediates of formula (X-a-1 ) may be 
convened to intermediates of formula (X-a) using an-known A/-alkylarion reactions. 

5 " . • 

Also» intcnncdiatcs of formula (X-a- 1 ) can be obtained by treating intermediates of 
formula (XIX) with TiCls in the presence of water, in a reaction-inen solvent, such as, 
e.g. tetrahydrofuran, or by catalytic hydrogenarion, giving intermediates of formula 
(XXII) which are subsequently convened to iniennediates (X-1) using the siame reactions 
10 as described hereinabove for convening intermediates (XX) to intermediates (XXI). 




(X-a-l) 



Scheme IV oudincs the synthesis of intermediates of formula (XXVI-a), wherein R^b is a 
15 substituent appropriately selected from R^ so as to be suitable in the addition reaction of 
the organolithium derivative of intermediate (XXIII) to the oxo group of intermediate 
(XXIV). R8b is for example hydrogen. Ci-6alkyi, Ci^kyloxycarbonyl and the like. 




20 

In scheme IV, an intermediate of fomiula (XXIII), wherein is halo, is created with an 
organolithium reagent such as, e.g. n-buiylliihium in a reaction-inen solvent, e.g. 
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tecrahydrofuran, and subsequently reacted with an intermediate of formula (XXIV) 
giving an intermediate of formula (XXV), which is subsequently convened to an 
iniermediaie of formula (XXVI) by treatment with an intermediate of formula (V). 

5 The compounds of formula (I) and some of the intermediates have at least one 

stereogcnic center in their structure. This stereogenic center may be present in a R or a S 
configiu'adon. 

The compounds of formula (1) as prepared in the hereinabove described prcxresscs are 
10 generally racemic mixnores of enantiomers which can be separated from one another 

following an-known resolution procedures. The racemic compounds of formula (I) may 
be convened into the corresponding diastereomeric salt forms by reaction with a suitable 
chiral acid. Said diastereomeric salt forms are subsequently separated, for example, by 
selective or fractional crystallization and the enantiomers arc liberated therefrom by alkali. 
15 An alternative manner of separating the enantiomeric forms of the compounds of formula 
(I) involves liquid chromatography using a chiral stationary phase. Said pure 
stereochemically isomeric forms may also be derived from the corresponding pure 
stereochemically isomeric forms of the appropriate starting materials, provided that the 
reaction occurs siereospecifically. Preferably if a specific stereoisomer is desired, said 
20 compound will be synthesized by stereospecific methods of preparation. TTiese methods 
will advantageously employ enantiomerically pure starting materials. 

This invention provides a method for inhibiting the abnormal growth of cells, including 
transformed cells, by administering an effective amount of a compound of the invention. 

25 Abnormal growth of cells refers to cell growth independent of normal regulatory 

mechanisms (e.g. loss of contact inhibition). This includes the abnormal growth of : (1) 
tumor cells (tumors) expressing an activated ras oncogene; (2) tumor cells in which the 
ras protein is activated as a result of oncogenic mutation of another gene; (3) benign and 
malignant cells of other proliferative diseases in which aberrant ray activation occurs. 

30 Funhcrmore, it has been suggested in literature that ras oncogenes not only contribute to 
the growth of of tumors in vivo by a direct effect on tumor cell growth but also 
indirectiy, i.e, by facilitating tumor-induced angiogenesis (Rak. J. et al. Cancer 
Research, 4575-4580, 1995). Hence, pharmacologically largetting mutant ras 
oncogenes could conceivably suppress solid tumor growth in vivo, in pan, by inhibiting 

35 tumor-induced angiogenesis. 

This invention also provides a metiiod for inhibiting tumor growth by administering an 
effective amount of a compound of the present invention, to a subject, e.g. a mammal 
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(and more particularly a human) in need of such treaimem. In particular, this invention 
provides a method for inhibiting the growth of mmors expressing an activated ras 
oncogene by the administration of an effective amount of the compounds of the present 
invention. Examples of tumors which may be inhibited, but are not limited to, lung 
5 cancer (e.g. adenocarcinoma), pancreatic cancers (e.g. pancreadc carcinoma such as, for 
example exocrine pancreatic carcinoma), colon cancers (e.g. colorectal carcinomas, such 
as, for example, colon adenocarcinoma and colon adenoma), hematopoiedc tumors of 
lymphoid lineage (e.g. acute lymphocytic leukemia, B-cell lymphoma, Burkitt's 
lymphoma), myeloid leukemias (for example, acute myelogenous leukemia (AML)), 
10 thyroid follicular cancer, myelodysplasric syndrome (MDS), tumors of mesenchymal 
origin (e.g. fibrosarcomas and rhabdomyosarcomas), melanomas, leratocarcinomas, 
neuroblastomas^ gliomas, benign tumor of the skin (e.g. keraioacanthomas), breast 
carcinoma, kidney caminoma, ovary carcinoma, bladder carcinoma and epidermal 
carcinoma. 

15 

This invention may also provide a method for inhibiting proliferative diseases, both 
benign and malignant, wherein ras proteins are aberrantly activated as a result of 
oncogenic mutation in genes, i.e. the ras gene itself is not activated by mutation to an 
oncogenic mutation to an oncogenic form, with said inhibition being accomplished by the 
20 administration of an effective amount of the compounds described herein, to a subject in 
need of such a treatment. For exam pic, the benign proliferative disorder neuro- 
fibromatosis, or mmors in which ras is activated due to mutation or overcxpression of 
tyrosine kinase oncogenes may be inhibited by the compounds of this invention^ 

25 The present invention also relates to compounds of formula (I) as defined hereinabove 
for use as a medicine. 

In view of their useful pharmacological properties, the subject compounds may be 
formulated into various pharmaceutical forms for administration purposes. 

30 To prepare the pharmaceutical compositions of this invention, an effective amount of a 
particular compound, in base or acid addition salt form, as the active ingredient is 
combined in intimate admixture with a pharmaceurically acceptable carrier, which carrier 
may take a wide variety of forms depending on the form of preparation desired for 
administration. These pharmaceutical compositions are desirably in unitary dosage form 

35 suitable, preferably, for administration orally, recially, percutaneously. or by parenteral 
injection. For example, in preparing the compositions in oral dosage form, any of the 
usual pharmaceutical media may be employed, such as, for example, water, glycols, oils, 
alcohols and the like in the case of oral liquid preparations such as suspensions, syrups. 
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elixirs and solutions; or solid caniers such as starches, sugars, kaolin, lubricants, 
binders, disintegrating agents and the like in the case of powders, pills, capsules and 
tablets. Because of their ease in administration, tablets and capsules represent the most 
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are 
5 obviously employed. For parenteral compositions, the carrier will usually comprise 

sterile water, at least in large part, though other ingredients, to aid solubility for example, 
may be included. Injectable solutions, for example, may be prepared in which the carrier 
comprises saline solution, glucose solution or a mixture of saline and glucose solution. 
Injectable suspensions may also be prepared in which case appropriate liquid carriers, 

10 suspending agents and the like may be employed. In the compositions suitable for 
percutaneous administration, the carrier optionally comprises a penetration enhancing 
agent and/or a suitable wetting agent, optionally combined with suitable additives of any 
nature in minor proportions, which additives do not cause a significant deleterious effect 
to the skin. Said additives may facilitate the administration to the skin and/or may be 

15 helpful for preparing the desired compositions. These compositions may be administered 
in various ways, e.g., as a txansdernial patch, as a spot-on, as an ointment. It is 
especially advantageous to formulate the aforementioned pharmaceutical compositions in 
dosage unit form for ease of administration and uniformity of dosage. Dosage unit form 
as used in the specification and claims herein refers to physically discrete units suitable as 

20 unitary dosages, each unit containing a predetermined quantity of active ingredient 
calculated to produce the desired therapeutic effect in association with the required 
pharmaceutical carrier. Examples of such dosage unit forms are tablets (including scored 
or coated tablets), capsules, pills, powder packets, wafers, injectable solutions or 
suspensions, teaspoonfuls, tablespoonfuls and the like, and segregated multiples thereof. 

25 

Those skilled in the an could easily determine the effective amount from the test results 
presented hereinafter. In general it is contemplated that an effective amount would be 
from 0.01 mg/kg to 100 mg/kg body weight, and in particular from 0.05 mg/kg to 10 
mg/kg body weight. It may be appropriate to administer the required dose as two, three, 
30 four or more sub-doses at appropriate intervals throughout the day. Said sub-doses may 
be formulated as unit dosage forms, for example, containing 0.5 to 500 mg, and in 
particular 1 mg to 200 nig of active ingredient per unit dosage form. 

Experimental pan 

35 Hereinafter "THF" means letrahydrofuran, "DIPE" means diisopropyleiher, "DCM" 
means dichloromethane, "DMF" means N/Z-dimethylfonmamide and "ACN" means 
acetonitrile. Of some compounds of formula (I) the absolute stereochemical 
configuration was not experimentally determined. In those cases the stereochemically 
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isomeric form which was first isolated is designated as "A" and the second as *'B", 
without further reference to the actual stereochemical configuration. 

A. Prepararion of the intermediates 
5 Example 1 

a) Imidazole (121.8 g) was added to a mixture of l-(chlorophenylmethyl)-4-niffo- 
benzene (88.7 g) in ACN (ICXX) ml) and the reaction mixture was stirred and refluxed for 
24 hours. The solvent was evaporated. The residue was dissolved in toluene, washed 
with a 10% K2CO3 solution, dried (MgS04) , filtered and evaporated. The residue was 

10 purified by column chromatography over silica gel (eluent: CH2CI2/CH3OH 98/2). The 
pure fractions were collected and the solvent was evaporated, yielding 53 g (53%) of 
l-[(4-niirophenyl)phenylmeihyl]-l//-imidazolc (interm. 1-a). 

b) A mixture of intermediate (1-a) (39 g) in ethanol (300 ml) was hydrogenaied (3.9 10^ 
Pa H2) with Raney nickel (20 g) as a catalyst. After uptake of hydrogen (3 equivalents), 

1 5 the catalyst was filtered off and the filtrate was evaporated, yielding 34.6 g of 
(±)-4-[(l//-imidazol-l-yl)phenylmethyl]benzenamine (inierm. 1-b). 

c) A mixture of intermediate (1-b) (8.92 g) and l-chloro-3,3-diphenyl-2-propcn-l-6nc 
(10.42 g) in DCM (100 ml) was stirred at room temperature overnight. The mixture was 
poured into a 10% NaHCOs-solution. This mixture was extracted with DCM and 

20 separated. The organic layer was dried (MgS04) , filtered and evaporated, yielding 

22.85 g (100%) of (±)-M[4-[(l//.imidazol-l-yl)phenylmethyl]phenyl]-3,3-diphenyl-2- 
propcnamide (intcrm. 1-c). The product was used without funher purification. 

Example 2 

25 a) 4-Chlorpbenzoic acid (21.23 g) and 3,4-dihydro-4-phenyl-2(l//)-quinolinonc (15 g) 
were heated in polyphosphoric acid (150 g) at 140'C for 24 hours. The mixture was 
poured into ice water and filtered off. The precipitate was taken up in DCM. The 
organic layer was washed with NaHCOs (10%) and water, dried (MgS04) and 
evaporated- The residue was crystallized from 2-propanonei yielding 12.34 g (50 %) of 

30 (i)-6-(4-chloroben2oyl)-3,4-dihydro-4-phenyI-2(l//)-quin61inonc; mp, 204X 
(interm. 2-a), 

b) Sodium borohydride (12.5 g) was added portionwise at 0*C to a solution of 
intermediate (2-a) (20 g) in methanol (200 ml) and THF ( 5 ml) and the mixture was 
stirred at room temperature for 2 hours. The mixture was quenched with water and 
35 evaporated. The residue was taken up in DCM and washed with K2CO3 (10%), The 
organic layer was dried (MgS04), filtered off and evaporated. The residue was puriiled 
by column chromatography over silica gel (eluent : CH2CI2/CH3OH 96/4). The pure 
fractions were collected and evaporated, yielding 2.8g (14%) of (±)-6-((4-chloro- 
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phcnyl)hydroxyrnethyl]-3,4-dihydro-4-phcnyl-2(l//)-quinolinonc (inicrm. 2-b). 

Example 3 

A mixture of (±)-6-[hydroxy(3-nuorophenyl)meihyl]-4-phenyU2(l//)-quinolinone (1 1 g) 
5 in ihionyl chloride (11 ml) and DCM (120 mi) was stirred at room temperature for 12 
hours. The solvent was evaporated till dryness and used without funher purification, 
yielding 1 1 .6 g (±)-6-[chloro(3-fluorophenyl)methyl]-4-phenyl-2(l//)-quinolinonc 
(100%) (interm. 3). 

10 gxarpplc4 

A mixmre of sodium hydride (1.75 g) in THF (30 ml) was sdrred for 5 minutes. 
Tecrahydrofuran was removed by evaporarion. Dimethyl sulfoxide (120 ml), then 
trimeihylsulfoxonium iodide (12.1 g) were added and the resulting mixture was stirred 
for 30 minutes at room temperature, under N2 flow. 6-(4-Chlorobenzoyl)- l-methyl-4- 

15 phenyl-2(l//)-quinolinone (17 g) was added portionwisc and the reacdon mixture was 
stirred for 2 hours at room temperature. Ethyl acetate and water were added The 
organic layer was separated, washed twice with water, dried (MgS04), filtered and the 
solvent was evaporated The crude product was used without further purificadon in next 
reaction step, yielding 17.6 g (100%) of (±)-6-[2-(4-chlorophenyl)-2-oxiranyl]-l- 

20 methyl-4-phenyl-2(l//)-quinolinone (interm. 4). 

Example 5 

a) A mixture of 6-(4-chIorobenzoyl)-l-methyl-4-phenyl-2(l//)-quinolinone (24 g) in 
formamide (130 ml) and formic acid (100 ml) was stirred and heated at 160'C for 

25 12 hours. The mixture was poured into ice water and extracted with DCM. The organic 
layer was dried (MgS04), filtered off and evaporated ull dryness. The product was used 
without funher purification, yielding 24.2 g (93%) of (±)-N-[(4.chlorophenyl)- 
(l,2dihydro-l-meihyl-2-oxo-4-phenyl-6-quinolinyl)meihyl]formamide (interm, 5-a), 

b) A mixture of intermediate (5-a) (21.2 g) in hydrochloric acid (3 N) (150 ml) and 
30 2-propanol (150 ml) was stirred and refluxed overnight, The mixture was poured into 

ice, basified with NH4OH and extracted with DCM. The organic layer was dried 
(MgS04), filtered off and evaporated till dryness. The residue was purified by column 
chromatography over silica gel (eluent : CH2CI2/CH3OH/NH4OH 98/2/0. 1). The pure 
ft-actions were collected and evaporated, yielding 1 1.6 g (59%) of (±)-6-[amino- 
35 (4-chlorophenyl)methyI]-l-methyU4-phenyl-2(l//)-quinolinone (interm. 5-b). 

c) Ethyl A/-cyano-methanimidate (3.6 g) was added drop wise at room temperature to a 
solution of intermediate (5-b) (10.6 g) in eihanol (90 ml) and the mixture was srined at 
room temperature for 48 hours. Water and ethyl acetate were added, the organic layer 
was decanted, washed with water, dried (MgS04), filtered off and evaporated till 



wo 97/16443 



PCT/EP96/04661 



-21- 

dryness. The residue was purified by column chromatography over silica gel (eluent : 
CH2CI2/CH3OH/NH4OH 97/3/0, 1). The pure fractions were collected and evaporated, 
yielding 10.5 g (88%) of (±)-/V-[([(4-chlorophenyl)(l,2-dihydro-l-meihyl-2-oxo- 
4-phenyl-6-quinoliny])meihyl]amino]methylene]cyanamide (interm. 5-c). 
5 d) Ethyl 2-bromoaceiate (2.45 ml ) was added dropwise at 5*C 10 a solution of 

intermediate (5-c) (9 g) and 2-methyl-2-propanol potassium salt (2.37 g) in dimethyl 
sulfoxide (100 ml) and the mixture was stirred at room temperature overnight. Water and 
ethyl acetate were added, the organic layer was decanted, dried (MgS04), filtered off and 
evaporated till dryness. The product was used without further purificarion, yielding 
10 (±)-ethyl N-[(4-chlorophenyl)(23-dihydro-l-methyl-2-oxo-4-phenyl-6-quinolinyl)- 
meihyl]-M[(cyanpimino)methyl]glycine (interm. 5-d). 

Example 6 

a) 2-i$othiocyanato-l,l-dimethoxy-ethane (5.3 g) was added slowly to a solution of 
15 (±)-6-(amino(4-chlorophenyl)meihyl]-4-phenyl-2(l//)-quinoIinone (11 g) in methanol 
(100 ml) and the mixture was stirred and heated at 80*C for 5 hours. The mixture was 
evaporated till dryness and the product was used without further purification, yielding 
15.4 g (100%) of (±)-N-[(4-chlorophenyl)(l,2-dihydro-2-oxo-4-pheny]-6-quinolinyl)- 
methyl)-Ar-(2,2-dimethoxyethyl)thiourea (interm. 6-a). 
20 b) A mixture of intermediate (6-a) (1 5.3 g), iodomethane (2.27 ml ) and potassium 
carbonate (5 g) in 2-propanone (50 ml) was stirred at room temperature for one night. 
The mixture was evaporated, the residue was taken up in DCM and washed with K2CO3 
10%. The organic layer was dried (MgS04), filtered off and evaporated, yielding 17.8 g 
(100%) of (±)-methyl A^-[(4-chlorophenyl)(l ,2-dihydro-2-oxo-4-phehyl-6-quinolinyl)- 
25 methyl]-/V-(2,2-dimethoxy-ethyl)carbamimidothioaie (interm. 6-b), which was used 
without further punficanon 

Example 7 

a) Toluene (19(X) ml) was stirred in a round-boiiom flask (5 1) using a water separator. 
30 (4-Chlorophenyl)(4-nitrophenyl)methanone (250 g) was added ponionwise. p-Toluene- 

sulfonic acid (54.5 g) was added portion wise. Ethylene glycol (237.5 g) was poured out 
into the mixture. The mixture was stirred and refiuxed for 48 hours. The solvent was 
evaporated. The residue was dissolved into ethyl acetate (5 1) and washed twice with a 
K2CO3 10% solution. The organic layer was separated, dried (MgS04), filtered and the 
35 solvent was evaporated. The residue was stirred in PIPE, filtered off and dried (vacuum, 
40*C, 24 hours), yielding 265 g (91%) of 2-(4<hlorophenyl)-2-(4-nicrophenyl)- 
13-clioxolane (interm. 7-a). 

b) Sodium hydroxide (16.4 g) and (3-methoxyphenyl)acetonitrile (20.6 ml) were added 
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at room temperature to a solution of intern. (7-a) (25 g) in methanol (100 ml) and the 
mixture was stirred at room temperature overnight. Water was added, the precipitate was 
filtered off, washed with cold methanol and dried. The product was used without funher 
purification, yielding 30 g (90%) of 5-[2-(4-chlorophenyl)- l,3-dioxolan-2-yl]-3- 
5 (3-methoxyphenyl)-2,l-ben2isoxazo!e (intenn. 7-b). 

c) Interm. (7-b) (30 g) in THF (250 ml) was hydrogcnated with palladium on carbon 

(3 g) as a catalyst at room temperature for 12 hours under a 2.6 10^ Pa pressure in a Pair 
apparatus. After uptake of H2 ( 1 equivalent), the catalyst was filtered through cclite and 
the filtrate was evaporated till dryness. The product was used without further 
10 purification, yielding 31.2g (100%) of (3-methoxyphenyl)[2.amino-5-[2-(4-chloro- 
phenyl)-l,3-dioxolan-2-yl]phenyl]methanone (interm. 7-c). 

d) Acetic anhydride (13.9 ml) was added to a solution of interm. (7-c) (31.2 g) in toluene 
(300 ml) and the mixture was stirred and refluxed for 2 hours. The mixture was 
evaporated dll dryness and the product was used without further purificadon, yielding 

15 36.4 g (100%) of Ar-[2-(3-methoxybcnzoyl)-4-[2-(4-chlorophenyl)- 1 ,3-dioxolan- 
2-yl]phenyl)acetamide (inteim. 7-d). 

c) Potassium /crr-butoxidc (33 g) was added portionwise at room temperature to a 
solution of inierm. (7-d) (36.4 g) in 1,2-dimethoxycthane (350 ml) and the mixture was 
stirred at room temperature ovemighL The mixture was hydrolized and extracted widi 
20 DCM. The organic layer was dried (MgS04), filtered off and evaporated till dryness. The 
product was used without further purification, yielding 43 g (100%) of 6-[2-(4-chloro- 
phcnyl)-1.3-dioxolan-2-y]]-4-(3-mcthoxyphenyl)-2(I//)-quinolinone (interm. 7-e). 

f) A mixture of interm. (7-e) (43 g) in HCl (3N. 400 ml) and methanol (150 ml) was 
stirred and refiuxcd ovemighL The mixture was cooled and filtered off. The precipitate 

25 was washed with water and diethyl ether and dried. The product was used without 

funher purification, yielding 27g (94%) of 6-(4-chlorobenzoyl)-4-(3-methoxyphenyl)- 
2(l//)-quinolinone (interm. 7-f). 

g) Methyl iodide (1.58 ml) was added to a solution of interm. (7-0 (7.6 g) and benzyl- 
trieihylammonium chloride (BTEAC) (2.23 g) in THF (80 ml) and sodium hydroxide 

30 (40%, 80 ml). The mixture was stirred at room temperature for 2 houn. Water was 
added and the mixture was extracted with ethyl acetate. The organic layer was dried 
(MgS04), filtered, and the solvent was evaporated. The residue was purified by flash 
column chromatography over silica gel (eluent : DCM 1(X)%). The desired fractions were 
collected and die solvent was evaporated, yielding 7.1g (90%) of 6-(4-chlorobcnzoyl)-4. 

35 (3-methoxyphenyl)-l-methyl-2(l//)-quinolinone (interm. 7-g). 

h) Intemi. (7-g) (6.8 g) was added to DCM (210 ml), stirred at O'C. Tribromoborane 
(67.3 ml) was added dropwise and the reaction mixture was stirred at O'C for 
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15 minutes. The mixiure was broughi lo room temperature, stirred at room temperature 
for 30 minutes and K2CO3 10% was added. The organic layer was separated, dried 
(MgS04), filtered, and the solvent was evaporated, yielding 6.6g of 6-(4-chloro- 
benzoyl)-4-(3-hydroxyphenyl)-l-methyl-2(lH)-quinoIinone (intern. 7-h) (quantitative 

5 yield; used in next reaction step, without further purification). 

i) A mixture of interm. (7-h) (9.5 g), propyl iodide (5.9 ml) and K2CO3 (10.1 g) was 
stirred and refluxed for 4 hours. Water was added and the mixture was extracted with 
DCM The organic layer was separated, dried (MgS04). filtered and the solvent was 
evaporated, yielding 10.4 g (100%) of 6-(4-chlorobenzoyl)-l-methyl-4-(3-propoxy- 

10 phenyi)-2(l//)-quinolinone (interm. 7-i). 

j) A solution of interm. (7-i) (3.55 g) in methanol (20 ml) and THF (20 ml) was cooled. 
Sodium borohydride (0.37 g) was added portionwise. The mixture was stirred at room 
temperature for 30 minutes, hydrolized and exUcicted with DCM. The organic layer was 
separated, dried (MgS04), filtered and the solvent was evaiK>rated till dryness, yielding 

15 3.5 g (100%) of (±)-6-[(4-chlorophenyl)hydroxyme^hyI]-l•methyl-4-(3-propoxy- 
phcnyl)-2(l//)-quinolinone (interm. 7-j). 

k) A solution of interm. (8-a) (3.5 g) in ihionyl chloride (30 ml) was stirred and refluxed 
overnight. The solvent was evaporated till dryness and the product was used without 
further purification, yielding 3.7g (100%) of (±)-6-rchloro(4-chlorophcnyl)methyl> 
20 l-methyl-4-(3-propoxyphenyi)-2(l//)-quinolinone (interm. 7-k). 

Example 8 

a) HCl/diethyl ether (3().8 ml) was added to a solution of 4-amino-4'-chlorobcnzo- 
phenone (35 g) in ethanol (250 ml) at room temperature and the mixture was stirred for 

25 15 minutes. FeCl3.6H20 (69.4 g) and then ZnCl2 (2.05 g) were added portionwise and 
the mixture was stirred at 65'C for 30 minutes. 3-Chloro- 1 -phenyl- 1 -propanone 
(25.46 g) was added and the mixture was stirred and refluxed for one night. The mixture 
was poured into ice and extracted with DCM. The organic layer was washed with 
K2CO3 10%, dried (MgS04), filtered off and evaporated. The residue was crystallized 

30 from ACN. The mother layers were purified by column chromatography over silica gel 
(eluerit : CH2CI2/CH3OH 99/1). The pure fractions were collected and evaporated, 
yielding 19.4 g (37%) of (4-chlorophenyl)(4-phenyI-6-quinoIinyl)methanone . 
(interm. 8-a). 

b) Using the same reaction procedure as described in example 7j, intermediate (8-a) was 
35 convened to (±)-a-(4-chlorophenyl)-4-phenyl-6-quinolinemethanol (intermediate (8-b). 

c) Using the same reaction procedure as described in example 7k, intermediate (8-b) was 
convened to (±)-6-(chloro(4-chIorophenyl)methyl]-4-phcnylquinoline hydrochloride 
(intermediate 8-c).. 
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d) A mixture of inierm. (8-c) (12.6 g) and 1 //-imidazole (1 1.8 g) in ACN (300 ml) was 
stirred and refluxed for 16 hours. The mixture was evaporated till dryness and the 
residue was taken up in DCM. The organic layer was washed with K2CO3 10%, dried 
(MgS04), filtered off and evaporated. The residue was purified by column chromato- 
5 graphy over silica gel (eluenc : CH2Cl2/CH30HyNH40H 97.5/2.5/0.1). The pure 
fractions were collected and evaporated. The residue was convened into the nitric acid 
salt ( 1 :2) and crystallized from CH30H/2-propanol/diethyl ether, yielding 4.28 g (28%) 
of (±)-6-[(4-chlorophenyl)-l//-imidazol-l-ylmeihyl]-4-phenylquinoline 
dinitraie.monohydrate (interm. 8-d, mp. 152/C). 

10 

Example 9 

a) Inicnn. (7-a) (50 g) and then (3-chlorophenyl)acctonitrilc (34.8 ml) were added to a . 
mixture of sodium hydroxide (32.8 g) in methanol (100 ml). The mixture was stirred 
and refluxed till complete dissolution. The reaction was carried out twice with the same 

15 quantities. The mixtures were combined. Ice and then eihanol were added. The mixture 
was allowed to crystallize out. The precipitate was filtered off. washed with ethanol and 
dried, yielding 58 g (86%) of 3-(3-chlorophenyl)-5-[2-(4-chlorophenyl)-l,3-dioxolanr 
2-yl]-2.1-benzisoxazole (interm. 9-a). 

b) TiCl3/15% H2O (308 ml) was added at room temperature to a mixture of interm. (9-a) 
20 (51 g) in THF (308 ml). The mixture was stirred at room temperature for two days. 

Water was added and the mixture was exnucied with DCM. The organic layer was 
separated, washed with K2CO3 10%, dried (MgS04), filtered and the solvent was 
evaporated. Part of this fraction (5.9 g) was recrysiallized from 2-propanone/CH30H/ 
diethyl ether. The precipitate was filtered off and dried, yielding 1.92 g (41%) of 
25 l-amino-2,4-phenylene-(3-chlorophenyl)(4-chlorophenyl)dimethanone (interm. 9-b). 

c) Using the same reaction procedure as described in example 7d, intermediate (9-b) was 
converted toM[2-(3-chlorobenzoyl)-4-(4-chlorobenzoyl)phenyl]acetamide 
(intermediate 9-c). 

d) Using the same reaction procedure as described in example 7e, intermediate (9-c) was 
30 converted to 6-(4-chlorobehzoyl)-4-(3-chlorophenyl)-2(lf/)-quinolinone 

(intermediate 9-d). 

e) Sodium hydride (601 g) was added ponionwise under N2 flow to a solution of 
interm. (9-d) (15 g) in dimethyl sulfoxide (200 ml). The mixture was stirred at room 
temperature for 30 minutes. 2-Chloroethyl methyl ether (25.2 ml) was added. The 

35 mixture was stirred at 50*C for 72 hours, poured out on ice and extracted with ethyl 
acetate. The organic layer was separated, washed with water, dried (MgS04), filtered 
and the solvent was evaporated. The residue was purified by column chromatography 
over silica gel (eluent : cyclohexane/ethyi acetate 70/30). The pure fractions were 
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. coUecied and ihe solvent was evaporated, yielding 6.2 g (36%) of 6-(4-chIorobenzoyl)-4- 
(3-chlorophenyl)-l-(2-*mcthoxyeihyl)-2(l//)-quinolinonc (interm. 9-e). 

f) Using the same reaction procedure as described in example 7j, intermediate (9-e) was 
convened lo (±)-4-(3-chlorophenyl)-6-[(4-ch]orophenyl)hydroxymeihyll- l-(2-mcihoxy- 

5 ethy])-2(l//)-q"inoIinone (intermediate 9-0- 

g) Using the same reaction procedure as described in example 7k, intermediate (9-0 was 
convened to (±)-6-(chloro(4-chlorophenyl)methyl]-4-(3-chlorophenyl)- 1 -(2-mcthoxy- 
ethyl)-2( l//)-quinoIinone (intermediate 9-g). 

10 Examt^le 10 

. a) n-Butyllithium (37.7 ml) was added slowly at -20*C undeir N2 flow to a mixnirc of 
6-bromo-4-(3-chlorophenyl)-2-methoxyquinoline (20 g) in THF (150 ml). The mixture 
wais stirred at -20*C for 30 minutes and was then added slowly at -20*C under N2 flow 
to a mixture of ethyl 4-chloro-a-oxoben2eneaceiate (12.2 g) in THF (80 ml). The 

15 mixture was allowed to warm to room temperature and istirred at room temperature for 
1 hour. Water was added and the mixture was extracted with ethyl acetate. The organic 
layer was separated, dried (MgS04), filtered and the solvent was evaporated. The 
residue (26.3 g) was purified by column chromatography over silica gel (elucnt : 
CH2Cl2/cyclohexanc 90/10). The pure fractions were collected and the solvent was 

20 evaporated, yielding 9.3 g (33.5%) of (±)-ethyl 4-(3-chlorophenyl)-a-(4-chlorophenyI)- 
a-hydroxy-2-methoxy-6-quinolineacetate (interm. 10-a). 

b) Intermediate (10-a) (9.3 g) and l,r-carbonylbis-l//-imidazole (22 g) were heated at 
120'C for 1 hour. The mixture was cooled. Ice was added slowly and the mixture was 
exp-acted with DCM. The organic layer was separated, dried (MgS04)t filtered and the 
25 solvent was evaporated. The residue (10.6 g) was purified by column chromatography 
over silica gel (eluent : CH2Cl2/2-propanoI/NH40H 95/5/0.5), yielding 7.15 g (±)-ethyl 
4-(3-chlorophenyl)-a-(4-chlorophcnyl)-a-(lH-imidazol-l-yl)-2-mcthoxy-6-quinolinc- 

acetate. (interm. 10-b) 

30 B. Preparation of the final compounds 
Example 1 1 

A mixture of intermediate (1-c) (22.85 g) and aluminium chloride (48 g) in chloro- 
benzene (200 ml) was heated at 95'C overnight. The mixture was cooled, poured into 
ice water, basified with NH4OH and evaporated till dryness. The residue was taken up 
35 in DCM and ethanol. The residue was filtered and evaporated. The residue was taken up 
in DCM and stirred witii HCl 3N overnight. The mixture was extracted, the aqueous 
layer was washed with ethyl acetate, basified with NH4OAC and then extracted with ethyl 
acetate and the organic layer was dried (MgS04) and evaporated. The residue was 
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purified by column chromatography over silica gel (clueni : CH2CI2/CH3OH/NH4OH 
95/5/0.05) (35-70 ^m). The pure fractions were coUecied and evaporated, yielding . 
2.13 g (16%) of (±)-6-[(l//-imidazol-l-yl)phenylmeihyl]-4-phcnyl-2(l//)-quinolinone; 

mp. 253.0*C(comp. 1). 

5' ■ ■ 

Example 12 

Sodium hydride (0.002 g) and then IJ'-carbony Ibis- 1 //-imidazole (2.5 g) were added 
pordonwise at room lempcraiure 10 intermediate (2-b) (2.8 g) dissolved in THF (30 ml) 
and the mixture was stirred and heated at 60*C for 1 hour. The mixture was hydrolysed 

10 with water and evaporated. The residue was taken up in DCM and washed with water. 
The organic layer was dried (MgS04), filtered off and evaporated. The residue was 
purified by column chromatography over silica gel (eluent : toIuene/2-propanol/NH40H 
90/10/0.5). The pure fractions were collected and evaporated. The residue (2.1 g) was 
crystallized from 2-propanone, yielding 1.55 g (48%) of (±)-6-[(4-chlorophenyl)-l//- 

15 imidazoM-ylmeihyl]-3,4-dihydro-4-phenyl-2(l//)-quinolinone; mp. 225.0'C 
(comp. 57). 

Example 13 

A mixnire of intermediate (3) (1 1.6 g), imidazole (6.5 g) and potassiumcarbonate 
20 (13.8 g) in ACN (150 nil) was refluxed for 12 hours. The mixture was evaporated nil 
dryness, the residue was taken up in water and extracted with dichloromethane. The 
organic layer was dried (MgS04) and the residue was purified by column chromato- 
graphy over silica gel (eluent : CH2CI2/CH3OH 95/5) (70-200 jim). The pure fractions 
were collected and evaporated yielding 9 g (71%) of (±)-6-[(3-fluorophenyl)(l//- 
25 imidazol-l-yI)mcthyl]-4-phenyl-2(l//)-quinolinone(comp. 5). 

Example 14 

Sodium hydride (1.15 g) was added ponionwise at 10*C under N2 to a mixture of 
compound (2) (10 g) in DMF (100 ml) and the mixture was stirred at room temperature 

30 for 30 minutes. lodomethane (1.5 ml )was added dropwise at 15*C and the mixture was 
stirred at room temperature for 1 hour. The mixture was poured into ice water and 
filtered off The precipitate was taken up in a mixture of DCM and methanol. The 
organic layer was dried (MgS04)» filtered off and evaporated. The residue was purified 
by column chromatography over silica gel (eluent : ethyl acetate/CHsOH 95/5). The pure 

35 fractions were collected and evaporated. The residue (3.3 g) was recrystallized from 
CH3CN/DIPE, yielding 1.9 g (19%) of (±)-6-[(4-chlorophenyl)-I//-imidazol-l-yl- 
methyl]-l-meihyl-4-phenyl-2(l//)-quinolinone; mp. 154.7X (comp. 8). 
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ExamolelS 

A solution of sodium methoxide in methanol (2.8 ml ) was added dropwise to a mixture 
of compound (2) (6 g) and diphenyliodonium chloride (6.9 g) in methanol (400 ml). 
Copper(r) chloride (1.72 g) was added and the mixture was sdrred and heated at 60'C for 

5 12 hours. The mixture was filtered over celite and the filtrate was evaporated. The 

residue was taken up in DCM and NH4OH 10%. The aqueous layer was extracted with 
DCM. The combined organic layers were washed with water, dried (MgS04), filtered 
off and evaporated in vacuo till dryness. The residue was purified by column chromato- 
graphy over silica gel (eluent : CH2CI2/CH3OH/NH4OH 98/2/0.1). The pure fractions 

10 were collected and evaporated. The residue (1.1 g) was dissolved in CH3OH and 
converted into the nitric acid salt (1:1) in CH3OH, yielding 0.9 g (1 1.2%) of 
(±)-6-[(4-chlorophenyl)- l/Z-imidazol- 1 -ylmethyl]- 1 ,4-diphenyl-2( l//)-quinblinone 
mononitrate; mp. 212.4*C (comp. 19), 

15 Example 16 

2-Melhyl-2-propanol, potassium salt (1.35 g) >yas added portionwise at 0*C under N2 to 
a mixture of compound (15) (2.8 g) and iodomeihane (1.9 ml ) in letrahydrofuran 
(85 ml) and the mixture was stirred at room temperauire for 5 minutes. The mixture was 
poured into ice water and extracted with ethyl acetate. The organic layer was dried 

20 (MgS04). filtered off and evaporated The residue was purified by column chromato- 
graphy over silica gel (eluent : CH2CI2/CH3OH/NH4OH 97.5/2.5/0.1). The pure 
fractions were collected and evaporated. The residue (2.3 g) was recrysiallized from 
CH3OH and diethyl ether, yielding 1.7 g (60%) of (±)-4-(3-chlorophenyl)-6-[l-(4. 
chlorophenyl)-l-(l//-imidazol-l-yl)ethyl]-l-meihyl-2(lW)-quinolinonc;mp. 120.2*G 

25 (comp. 62). 

Example 17 

A mixture of iniennediate (4) (17.6 g) and imidazole (9.3 g) in ACN (250 ml) was srined 
and refluxed overnight, then cooled to room temperature. The precipitate was filtered off. 
30 washed with a 10% aqueous K2CO3 solution and diethyl ether, then air-dried, yielding 
1 1.2 g (55%) of product. A sample (3 g) was recrystallized from THF, methanol, 
diethyl ether. The precipitate was filtered off and dried, yielding 2 g (37%) of 
(±)-6-[l-(4-chlorophenyl)-2-hydroxy-l-(l//-imidazol-l-yl)ethyl]-l-methyM-phenyl- 
2(l//)-quinolinone monohydrate, mp. 180* C (comp. 59). 

35 

Example 18 

1 -Chloro-4-chloromethylbenzene (3.2 g) was added to a solution of compound (59) (7 g) 
and benzyltrieihylammonium chloride (1.75 g) in sodium hydroxide (40%) (100 ml) and 
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THF (100 ml) and the mixture was stirred at room temperature overnight. Water and 
ethyl acetate were added. The organic layer was decanted, washed with waier, dried 
(MgS04), filtered off and evaporated till dryness. The residue was purified by column 
chromatography over silica gel (eluent : CH2CI2/CH3OH/ NH4OH 98.5/1, 5A).l). The 
5 pure fractions were collecied and evaporated. The residue (3.7g) was recrysiallized from 
2-propanone/(C2H5)20» yielding 2.1g (24%) of (±)-6-(l-(4-chlorophenyl).2-((4-chloro- 
phenyl)methoxy]-l-(l//-imidazoM-yl)eihyl]-l-methyl-4-phcnyl-2(l//)-quinolinone; 
mp. 176.8*C (comp. 61). 

10 Example 19 

Sodium methoxide (0.8 ml ) was added at room temperature to a solution of intcnmcdiatc 
(5-d) in methanol (100 ml), the mixture was stirred at room temperature overnight and 
then stirred and refluxed for 2 hours. Water was added and the mixture was extracted 
with DCM. The organic layer was dried (MgS04), filtered off and evaporated till 

15 dryness. The residue was purified by column chromatography over silica gel (eluent : 
CH2CI2/CH3OH/ NH4OH 98/2/0. 1 ). The pure fractions were collected and evaporated, 
yielding 8.3 g (79%) of product. A sample (2.3 g) was convened into the ethanedioic 
acid salt (2:3) and recrystallized from 2-propanone» yielding 2.35 g (63%) of (±)-meihyl 
4-jamino-l-[(4-chlorophenyl)(l,2-dihydro-l-methyI-2-oxo-4-phenyl-6-quinolinyl)- 

20 methyl]- l//-imidazole-5-carboxylate ethanedioaie(2:3); mp. 168.7'C (comp. 70). 

Example 20 

Nitric acid (30 ml) followed by sodium nitrite ( 0.64 g) were added at 0*C to a solution 
of compound (70) (4.6 g) in phosphoric acid (45 ml) and the mixture was stirred at O'C 

25 for 45 minutes. Hypophosphorous acid (30 ml) was carefully added portionwise and the 
mixture was stirred at room temperature for 1 hour. The mixture was poured into ice, 
basified with NH4OH and extracted with ethyl acetate. The organic layer was dried 
(MgS04), filtered off and evaporated till dryness. The residue was purified by column 
chromatography over silica gel (eluent : CH2CI2/CH3OH/ NH4OH 98.5/1.5/0.1). The 

30 pure fractions were collected and evaporated. The residue (1.5 g) was convened into the 
ethanedioic acid salt (2:3) and recrystallized from 2-propanone and DIPE, yielding 1.14 g 
(20%) of (±)-meihyl l-[(4-chlorophenyl)(1 .2-dihydro-l-methyl-2-oxo-4-phenyl-6- 
quinolinyl)methyl]-l//-imidazol-5-carboxylaie ethanedioate(2:3); mp. 140.8*C 
(comp. 54). 

35 

Example 21 

Intermediate (6-b) (15.66 g) was added to sulfuric acid (120 ml) which was cooled till 
O'C and the mixture was stirred at room temperature for one night. The mixture was 
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added carefully lo a cooled solurion at 0*C of ice and concentrated NH4OR The basic 
aqueous layer was extracted with DCM. The organic layer was dried (MgS04). filtered 
off and evaporated till dr>'ness. The residue was purified by column chromatography 
over silica gel (elueni : CH2CI2/CH3OH/ NH4OH 97.5/2.5/0.2). The pure fractions 
5 were collected and evaporated/yielding 7.4 g (52%) of product. A sample was 

crystallized from 2-propanone, yielding 2 g of (±)-6-[(4-chlorophenyl)[2-(methylthio)- 
l//-imida2oM-yl]meihyl]-4-phenyl-2(lfO-citiinolinone monohydraie; mp. 205.6*C 
(comp. 51). 

10 Exmvk 22 

A solution of compound (17) (12.7 g) in sodium hydroxide (3 N) (130 ml) was stirred at 
120*C overnight, the mixture was cooled to room temperature and NH4OH was added 
till pH=5.2. The precipitate was filtered off, washed with water and air-dried, yielding 
12 g of (±)-6-[(4-chlorophenyl)-l//-imidazol-l-ylmeihyI]-2-oxo-4-phenyl-l(2//)- 
15 quinoline-l-acetic acid (comp. 38). 

Example 23 

N//*-mcthanetctrayl-biscyclohcxanamine (5.3 g) in DCM was added dropwise at room 
temperature to a mixture of compound (38) (12.4 g) and methyl 2-amina-4-mcihyl- 

20 pentanoaic (6 g) in THF (120 ml) and 1 -hydroxy benzoiriazolehydratc and the mixture 
was stirred at room temperature overnight. The mixture was poured into water and 
extracted with ethyl acetate. The organic layer was dried (MgS04), filtered off and 
evaporated. The residue was purified by column chromatography over silica gel (eluent : 
CH2CI2/CH3OH/ NH4OH 97/3/0.1). The pure fractions were collected and evaporated, 

25 yielding 6.8 g (43%) of product. A sample was crystallized from DIPE, yielding Ig of 
(±)-methyl 2-[[2-I6-[(4-chlorophenyl)-l//-imidazol-l-ylmethyl]-l,2-dihydro-2-oxo-4- 
phenyl-l-quinolinyl]-2-oxoethyl]amino]-4-metiiylpentanoatc; mp. 1 17.9*C (comp. 39). 

Example 24 

30 Compound (2) (1 g) was dissolved in n-hexane (81 ml) and ethanol (54 ml). This 
solution was separated and purified by column chromatography over a Chiralcel AD 
column (250 g, 20 jim, Daicel; elueni: n-hexane/ethanol 60/40 vol%). Two desired 
fraction groups were collected. The fractions, corresponding to the first chromatographic 
peak, \vere evaporated. The residue was dissolved in small amounts of DCM. Diethyl 

35 ether was added until precipitation resulted. The precipitate was filtered off over a 
Millipore filter (10 ^m), then dried (vacuum; 40*C; 2 hours), yielding 0.430 g (43%). 
This fraction was dissolved in 2-propanone and precipitated with DIPE. The precipitate 
was filtered off and dried, yielding 0.25 g (25%) of (+)-(A)-6-[(4-chlorophenyl)-l//- 
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imidazoM-ylmethyl]-4-phcnyl-2(l//)-quinolinone; mp. 190.0*C; (a)^^ = + 13. 10" 
(c = 0.1% in methanol) (comp. 6). The fractions,. corresponding to the second 
chromatographic peak, were evaporated The residue was dissolved in small amounts of 
DCM. Diethyl eihcr was added until precipitation resulted. The precipitate was filtered 
5 off over a MilHpore 10 ^im fiher, then dried (vacuum; 40*C; 2 hours), yielding 0.410 g 
(41%). This fraction was dissolved in 2-propanone and precipitated with DIPE. The 
precipitate was filtered off and dried, yielding 0.20 g (20%) of (-)-(B)-6-{(4-chloro- 
phenyl)-l//-imida2ol-l-ylmethyl]-4-phenyl-2(l//)-quinolinone; mp. 155.8*C; 

on 

Ia]fr = -6.32' (c = 0.1% in methanol) (comp. 7) . 

10 

Example 25 

Phosphorous peniasulfide (4.45 g) was added ponionwise at room temperature to a 
solution of (±)-4-(3-chlorophenyl)-6-[(4-chlorophenyl)- l//-imidazoM-ylmcthyl]-2(l//)- 
quinolinone (4.5 g) in pyridine (54 ml) and the mixture was stirred and refluxed for 4 

15 hours. The mixture was evaporated till dryness and the residue was taken up in ethyl 
acetate. The organic layer was washed with HCl and water, dried (MgS04), filtered off 
and evaporated till dryness. The residue was purified by column chromatography over 
silica gel (eluent : CH2CI2/CH3OH 97/3). The pure fractions were collected and 
evaporated. The residue (2.7 g) was crystallized from DMF, yielding 1.6 g (33%) of 

20 (±)-4-(3-chlorophenyl)-6-[(4-chlorophenyl)-l/:^-imida2ol-l-yI-meihyl]-2(l//)-quinoline- 
thione monohydrate; mp. 263.5'C (comp. 72). 

Example 26 

Imidazole (3.34 g) was added to a solution of interm. (8-b) (3.7 g) in ACN (50 ml). The 
25 mixture was stirred and refluxed for 4 hours. Water was added and he mixture was 
extracted with DCM. The organic layer was separated, dried (MgS04). filtered and the 
solvent was evaporated till dryness. The residue (3.8 g) was purified by column 
chromatography over silica gel (eluent : CH2CI2/CH3OH 98/2). The pure fractions were 
collected and the solvent was evaporated. The residue was crystallized from 
30 2-propanone/DIPE filtered off and dried, yielding 1.8 g (45%) of (±)-6-[(4-chloro- 
phcnyl)-l//Mmidazol-l-ylmethyl]- l-methyl-4-(3-propoxyphenyl)-2(l//)-quinolinone 
ethanedioate(2:3).sesquihydrate (comp. 74). 

Example 27 

35 A mixture of intermediate (10-b) (7.1 g) in THF (25 ml) and HCl 3N (190 ml) was 
stirred at 120'C for 2 hours. The mixture was poured out on ice, basified with K2CO3 
and extracted with DCM. The organic layer was separated, dried (MgS04), filtered and 
the solvent was evaporated, yielding 6.2 g (90%) of (±)-eihyl 4-(3-chlorophenyl)-a- 
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(4-chlorophenyl)-l,2-dihydio-a-(lH-imidazol-l-yl)-2-oxo-6-quinolineacetate 
(comp- 87). 

Tablg I : 

5 




Co. 

No. 


Ex. 
No. 


Rl 


R2 


R3 


R6 


R7 


Physical data 


1 


11 


H 


H 


H 


H 


H 


mp. 255'C 


2 


11 


H 


H 


H 


4-a 


H 


mp. 260*C(±) 


3 


11 


H 


H 


H 


3-Cl 


H 


mpi 248*C 


4 


11 


H 


H 


H 


4-F 


H 


mp. 246.8T 


5 


13 


H 


H 


H 


3-F 


H 


- 


6 


24 


H 


H 


H 


4-a 


H 


(+)-(A) 


7 


24 


H 


H 


H 


4.a 


H 


(-)-(B) 


8 


14 


CH3 


H 


H 


4-a 


H 


mp. 160*C 


9 


14 


CH2-CH3 


H 


H 


4-Cl 


H 


mp. 170*C 












4-a 


H 


mp. 180*C / .HNO3 


10 


14 


benqrl 


H 


H 


.1/2 H2O 


11 


12 


H 


4-a 


H 


4-Cl 


H 


mp. 170*C/ 








.1/2 H2O 


12 


12 


H 


2-a 


H 


4-Ci 


H 


mp. 244*C 


13 


12 


H 


3-Cl 


H 


4-a 


H 


mp. 250*C 


14 


14 


(CH2)2-CH3 


H 


H 


4-Cl 


H 


mp. 170*C 


15 


13 


CH3 


3-a 


H 


4-a 


H 


mp. 184'C 










H 


4-a 


H 


mp. 118*C/.C2H204 


16 


14 


(CH2)3-CH3 


H 


.I/2H2O 


17 


14 


CH2COOC2H5 


H 


H 


4-a 


H 


mp. 140*C 


18 


12 


H 


3-CH3 


H 


4-a 


H . 




19 


15 


phenyl 


H 


H 


4-a 


H 


mp.215*C/.HN03 


20 


12 


H 


3-CF3 


H 


4-a 


H. 


mp. 244*0 


21' 


12 


H 


3-F 


H 


4-Cl 


H 
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Co. 
No. 


Ex. 
No. 


R» 


R2 


R3 


R6 


R7 


Physical data 


22 


24 


H 


3-Cl 


H 


4-Cl 


H 


mp.214'C/(A) 


23 


24 


H 


3-Cl 


H 


4-Cl 


H 


mp.214-C/(B) 


24 


12 


H 


3-OCH3 


H 


4-a 


H 


mp. 1747. 1/2 H2O 


25 


12 


H 


H 


H 


4-CH3 


H 


mp. 230-C 


26 


12 


H 


3-Cl 


4-a 


4-Cl 


H 


mp. 260*C 


27 


12 


H 


4-CH3 


H 


4-Cl 


H 


mp. 185*C 


28 


12 


H 


2-CH3 


H 


4-Cl 


H 


mp.234*C 


zv 


1 *♦ 


. 4-methoxy- 
phenylethyl 


u 


14 

n 


4-Pl 


11 


mp. I JO V, 


30 


12 


H 


3-Br , 


H 


4-Cl 


H 


mp. > 260*C 


31 


12 


H 


H 


H 


2-Cl 


4-Cl 


mp. 176'C 


32 


12 


H 


H 


H 


2-Cl 


H 


mp. 240*C 


33 


12 


H 


H 


H 


4-OCH3 


H 


mp. 210*C 


34 


12 


H 


H 


H 


3-a 


4-cr 


mp. 226*C 


35 


14 


CH3 


3-CH3 


H 


4.a 


H 


mp. 162*C 


36 


14 


CH3 


3-OCH3 


H 


4-Cl 


H 


mp. 260*C / .HN63 
.1/2 H2O 


37 


11 


H 


3-a 


5-Cl 


4.C1 


H 


mp. 260*C 


38 


22 


CH2-CO-OH 


H 


H 


4-Cl 


H 


- 


39 


23 


CH2-CO-NH- 
CH(COOCH3) 
(CH2-CH(CH3)2 


H 


H 


4-Cl 


H 




40 


12 


H 


3-phenoxy 


H 


4-a 


H 


mp. 23D*C 


41 


12 


H 


3-benzyloxy 


H 


4-Cl 


H 


mp. 154*C 


42 


12 


H 


3-ethoxy 


H 


4-Cl 


H 


mp. 156*C 




14 






H 


4-Cl 


H 


mp. 142*C 
.3/2 C2H2O4 


44 


14 




3-benzvloxv 


H 


4-Cl 


H 


mp. 136'a 
.G2H2O4 


45 


12 


H . 


3-O-CF3 


H 


4-Cl 


H 


mp. 255*C 


74 


26 


CH3 


3-propoxy 


H 


4-Cl 


H 


.3/2C2H2O4 .3/2H2O 


75 


26 


CH3 


3-buioxy 


H 


4-Cl 


H 


.3/2C2H2O4.H2O 


76 


26 


CH3 


3-0-CH(CH3)2 


H 


4-a 


H 


.3/2C2H2O4 .2H2O 


77 


26 


CH3OCH2CH2- 


3-Cl 


H 


4-Cl 


H 


.3/2C2H2O4 .H2O 


78 


26 


CH3 


2-eihoxv 


H 


4-Cl 


H 
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Co. 
No. 


Ex. 

No. 




R2 


R3 


R6 


R7 


Physical data 


79 


26 


CH3 


3-OH 


H 


4-Cl 


H 




80 


26 


(CH3)2N(CH2)2- 


3-Gl 


H 


4-a 


H 




81 


26 


CH3 


3-(CH2)2CH3 


H 


4-Cl 


H 




84 


26 


CHi 


3-CH=CH-CH3 


H 


4-Cl 


H 


(E); 



Table 2: 




Co. 
No. 


Ex. 
No. 


Rl 


R2 


R3 


R4 


Physical data 


46 


13 


H 


H 


H 


2-CH3 


mp. > 260*C 


47 


13 


H 


H 


H 


4-phenyl 


mp. 240*C 


48 


13 


H 


H 


H 


4-CH3 


mp.260*C 


49 


13 


H 


H 


H 


5-CH3 


mp. > 260'C 


50 


13 


H 


H 


H 


2-phcnyl 


mp. 160'C 


51 


21 


H 


H 


H 


2-S-CH3 


.H2O 


52 


, 13 


H 


CI 


H 


4-CH3 




53 


11 


H 


CI 


H 


5-CH3 




54 


20 


CH3 


H 


H 


5-CO-OCH3 


mp. 140*0 /. 3/2 C2H2O4 


55 


14 


CH3 


CI 


H 


5-CH3 


mp. 145'C/.3/2C2H204 


56 


20 


CH3 


a 


H 


5-CO-OCH3 


mp. 170*C/.3/2C2H2O4 


85 


26 


CH3 


a 


H 


2-phenyl 




86 


26 


CH3 


a 


H 


2-phenyl 


.C2H2O4 


1 83 


26 


CH3 


-0-CH2-0- • 


H 


.C2H2O4 



5 * : R2 and taken together to form a bivalent radical 
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Co. 
No. 


Ex. 
No. 


R» 


R2 


R6 


R7 


Physical data 


57 


12 


H 


H 


4-Cl 


H 


mp. 226'C 




Co. 
No. 


Ex. 
No. 


Rl 


R2 


R4 


R6 


r8 


Physical dau 


58 


12 


H 


H 


H 


4-a 


CH3 


255-C 


59 


17 


CH3 


H 


H 


4-Cl 


CH2-OH 


mp. 160-170'C/.H2O 


60 


12 


H 


H 


H 


4-Cl 


4-chlorophenyl 


>260*C/.l/2H2O 


61 


18 


CH3 


H 


H 


4-Cl 


4-chlorobenzyl- 
oxymethy] 


mp. 180*C 


62 


16 


CH3 


3-Cl 


H 


4-Cl 


CH3 


mp. 125*C 


63 


16 


CH3 


3-Cl 


H 


4.CI 


CH2CH3 


mp. 158*C/ 
.C2H2O4.H2O 


64 


16 


CH3 


3-Cl 


5-CH3 


4-Cl 


CH3 


mp. 170'C 


65 


16 


CH3 


3-a 


H 


4-Cl 


(CH2)2CH3 


mp. 160'C/.HC1. H2O 


66 


17 


CH3 


3-CI 


H 


4-Cl 


CH2-OH 


mp. 180*C 


67 


18 


CH3 


3-Cl 


H 


4-Cl 


CH2-OCH3 


mp. 178*C/.C2H204 


68 


12 


CH3 


3-a 


H 


4-Ci 


CH2-N(CH3)2 


mp. 96-1 lO'C 


69 


12 


CH3 


3-Cl 


H 


4-CI 


CH2-S-CH3 


mp. 120-150*C 
.C2H2O4 .H2O 


87 


27 


H 


3-CI 


H 


4-Cl 


-COOCH2CH3 




88 


14 


CH3 


3-CI 


H 


4-CI 


-COOCH2CH3 
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Co. 


Ex. 


R2 


R4 


R5 


R6 


Physical data 


No. 


No. 












70 


19 


H 


4-NH2 


5-COOCH3 


4-a 


mp. I68.7XA3/2C2H2O4 


71 


19 


3-Cl 


4-NH2 


5-COOCH3 


4-CI 





Table 6: 




Co. 
No. 


Ex. 
No. 


X 


Rl 


R2 


R6 


RlO 


Rll 


Physical data 


72 


25 


S 


H 


3-Cl 


4-Cl 


H 


H 


mp. 263.5'C / .H2O 


73 


25 


S 


CH3 


3-Ci 


4-Cl 


H 


H 


mp. 161.rC/.l/2H20 


89 


26 


0 


CH3 


3-Cl 


4-Cl 


H 


8-CH3 




82 




0 


H 


3-Cl 


4-Cl 


7-CH3 


8-CH3 


mp. 16rC 



C. Pharmacological example 

Example 28 : In Vitro Assav for Inhibitio n nf Famesvl Protein Transferase 
Human famcsyl protein transferase was prepared essentially as described (Y, Reiss ei 
15 al.. Methods: A Companion to Methods in Enzymology vol 1. 241-245. 1990). 

Kirsten virus transformed human osteosarcoma (KHOS) cells (American Type Culture 
Collection, Rockville, MD, USA) grown as solid tumors in nude mice or grown as 
monolayer cell cultures were used as a source of human enzyme. Briefly, cells or tumors 
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were homogenized in buffer containing 50 mM Tris, 1 mM EDTA, 1 mM EGTA and 0.2 
mM phenylmcthylsulfonylfluoride (pH 7.5). The homogenates were centrifuged 28,000 
X g for 60 min and the supematants collected. A 30-50% ammonium sulfate fraction was 
prepared, and the resulting precipitate was resuspended in a small (10 to 20 ml) volume 
5 of dialysis buffer containing 20 mM Tris, I mM dithiothreiiol and 20 jiM ZnCl2. The 
ammonium sulfate fraction was dialyzed overnight against two changes of the same 
buffer. The dialyzed material was applied to a 10 x I cm Q Fast Flow Sepharose 
(Pharmacia LKB Biotechnology Inc.» Piscataway, NJ, USA) which had been 
preequilibraied with 100 ml of dialysis buffer supplemented with 0.05 M NaCl. The 

10 column was washed with an additional 50 ml of dialysis buffer plus 0.05 M NaCI 
followed by a gradient from 0.05 M to 0.25 M NaCl prepared in dialysis buffer. The 
enzyme activity was eluied with a linear gradient of 0.25 to 1.0 M NaCl prepared in the 
dialysis buffer. Fractions containing 4 to 5 ml volumes of column eluate were collected 
and analyzed for famesyl protein transferase activity. Fractions with enzyme activity 

15 were pooled and supplemented with 100 ^iM ZnCl2. Enzyme samples were stored 
frozen at -70* C The activity of famesyl protein transferase was measured using the 
Famesyl Transferase [^H] Scintillation Proximity Assay (Amersham Iniemaiional pic. 
England) under the conditions specified by the manufacturer. To assay for inhibitors of 
the enzyme, 0.20 ^Ci of the [^H]-famesylpyrophosphate substrate and the biodnylated 

20 lamin B peptide substrate (bioun-YRASNRSCAIM) were mixed with test compounds in 
a reaction buffer consisting of 50 mM HEPES, 30 mM MgCl2, 20 mM KCl, 5 mM 
dithiothreitol, 0.01% Triton X-100. Test comix)unds were delivered in a 10 Jil volume 
of dimethylsulfoxide (DMSO) to achieve concentrations of 1 and 10 ^ig/ml in a final 
volume of 1(X) |il. The reaction mixture was warmed to 37* C. The enzyme reaction 

25 . was started by adding 20 pJ of diluted human famesyl protein transferase. Sufficient 
enzyme preparation was added to produce between 4000 to 15000 cpm of reaction 
product during the 60 min of reaction incubation at 37*C. Reactions were temiinated by 
the addition of STOP/scintillauon proximity bead reagent (Amersham). The reaction 
product [^H]-famesyl-(Cys)-biorin lamin B peptide was captured on the strepiavidin 

30 linked scinrillanon proximity bead. The amount of (•^H]-famesyl-(Cys)-biorin lamin B 
peptide synthesized in ti^e presence or absence of test compounds was quantified as cpm 
by counting on a Wallac Model 1480 Microbeta Liquid Scintillation Counter. The cpm of 
product was considered to be famesyl protein transferase activity. The protein famesyl 
n-ansferasc activity observed in the presence of test compound was normalized to famesyl 

35 transferase activity in the presence of 10% DMSO and expressed as per cent inhibition. 
In separate studies, some test compounds exhibiting 50% or greater inhibition of famesyl 
protein transferase activity were evaluated for conceno^tion-dependent inhibition of 
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enzyme activity. The effects of test compounds in these studies were calculated as IC50 
(concentration of lest compound producing 50% inhibition of enzyme activity) using the 
LGIC50 computer program written by the Science Information Division of R. W. 
Johnson Pharmaceutical Research Institute (Spring House, PA. USA) on a VAX 
5 computer 



Table?: 



Co. No. 


IC50 (UM) 


Co. No. 


IC50(^M) 


1 


0.93 


29 


2.4 


2 


0.18 


30 


0.021 


3 


1.4 


31 


0.48 


4 


0.315 


32 


0.53 


.7 


0.11 


33 


0.85 


8 


0.07 


34 


0.6 


10 


0.22 


37 


0.096 


11 


0.32 


39 


0.047 


12 


3.2 


. 47 


0.105 


13 


0.034 


49 


0.3 


14 


0.7 


53 


0.032 


15 


0.016 


57 


1.2 


17. 


0.23 


58 


0.27 


18 


0.04 


59 


0.013 


20 


0.24 


62 


0.022 


21 


0.15 


63 


0.03 


23 


0.015 


64 


0.011 


24 


0.032 


65 


0.051 


25 . 


0.262 


66 


0.0056 


26 


0.227 


77 


0.0072 


27 


0.193 


83 


0.0034 


28 


2.2 







Fxample 29 : "Ras-Transformed Cell Phenotvnc Reversion Assav" 
Insertion of activated oncogenes such as the mutant ray gene into mouse NIH 3T3 cells 
converts the cells to a transformed phenoiype. The cells become tumori genie, display . 
anchorage independent growth in semi-solid medium and lose contact inhibition. Loss of. 
15 contact inhibition produces cell cultures which no longer form uniform monolayers. 
Rather, the cells pile up into multicellular nodules and grow 10 very high saturation 



wo 97/1 6443 



PCT/EP96/04661 



.38- - 

densities in plastic tissue culture dishes. Agents such as protein famesyl transferase 
inhibitors which revert the ras mnsformed phcnotype restore the uniform monolayer 
growth pattern to cells in culture. This reversion is easily monitored by counting the 
number of cells in tissue culture plates. Transfonned cells will achieve higher cell 
5 numbers than cells which have reverted to an untransformed phenotype. Compounds 
which revert the transformed phenotype should produce antitumor effects in tumors 
bearing roj gene mutations. 

Method: 

10 Compounds are screened in tissue culture in NIH 3T3 cells transfonned by the T24 
activated human H-ras gene. Cells are seeded at an initial density of 200,000 cells per 
well (9.6 cm^ surface area) in six-well cluster tissue culture plates. Test compounds are 
immediately added to 3.0 ml cell growth medium in a 3.0 ^1 volume of DMSO, with a 
fmal concentration of DMSO in the cell growth medium of 0. 1 %. The test compounds 
15 arc run at concentrations of 5, 10, 50, 100, and 500 nM along with a DMSO treated 

vehicle control. (In case a high activity is observed at 5 nM, the test compound is tested 
at even lower concentrations.) The cells are allowed to proliferate for 72 hours. Then 
the cells are detached in 1.0 ml trypsin-EDTA cell dissociation medium and counted on a 
Coulter particle counter. 



20 



25 



30 



Measurements: 

Cell numbers expressed as ceils per well arc measured using a Coulter Panicle Counter. 

AU cell counts were corrected for the initial cell input density by subtracting 200,p(X). 

Control cell counts = [cell counts from cells incubated with DMSO vehicle - 200,000] 

Test compound cell counts = [cell counts from cells incubated with test compound- 
200,000). 

-r . J fir L • fi test compound cell counts ^ 
Test compound %mhibition = ( 1 - control cell counts ^ ^ 



35 



IC50 (i.e. the test compound concentration required to inhibit enzyme activity by 50%) is 
calculated if sufficient data arc available, summarized in table 8. 
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TableS: 



Co. No. 


ICso(nM) 


Co. No. 


ICso (nM) 


23 


204 


74 


500 


63 


294 


77 


189 


64 


133 


80 


169 


66 


53 


83 


68 


67 


114 


89 


445 


69 


500 







5 n. Composirinn examples 

The following formulations exemplify typical pharmaceutical compositions in dosage 
unit form suitable for systemic or topical administration to warm-blooded animals in 
accordance with the present invention. 

"Acdve ingredient" (A.l.) as used throughout these examples relates to a compound of 
10 formula (1). a pharmaceurically acceptable acid or base addition salt or a stereochemically 
isomeric form thereof. 
Fxamnle 30 : Oral solutions 

9 g of methyl 4-hydroxybenzoate and 1 g of propyl 4-hydroxybenzoate arc dissolved in 
15 4 1 of boiling purified water. In 3 1 of this solution are dissolved fu-st 10 g of 

2,3-dihydroxybutanedioic acid and thereafter 20 g of the A.I. The latter solution is 
combined with the remaining pan of the former solution and 12 1 of 1 ,2,3-propanetriol 
and 3 1 of sorbitol 70% solution are added thereto. 40 g of sodium saccharin are 
dissolved in 0.5 I of water and 2 ml of raspberry and 2 ml of gooseberry essence arc 
20 added. The latter solution is combined with the former, water is added q.s. to a volume 
of 20 1 providing an oral solution comprising 5 mg of the A.I. per teaspoonful (5 ml). 
The resulting solution is filled in suitable containers. 

Example 31 : Capsules 

25 20 g of the A.l., 6 g sodium lauryl sulfate, 56 g starch, 56 g lactose, 0.8 g colloidal 
silicon dioxide, and 1 .2 g magnesium stearate are vigorously stirred together. The 
resulting mixture is subsequently filled into 1000 suitable hardened gelatin capsules, each 
comprising 20 mg of the A.I.. 
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Example 32 : Film-coated tablets 

A mixture of 100 g of the A.L, 570 g lactose and 200 g starch is mixed well and 
thereafter humidified with a solution of 5 g sodium dodecyl sulfate and 10 g polyvinyl- 
5 pyrrolidone in about 200 mi of water. The wet powder mixture is sieved, dried and 
sieved again. Then there are added 100 g microcrysialline cellulose and 15 g 
hydrogenated vegetable oil. The whole is mixed well and compressed into tablets, giving 
10.000 tablets, each comprising 10 mg of the active ingredient. 
.Coating 

10 To a solution of 10 g methyl cellulose in 75 ml of denaturated ethanol there is added a 
solution of 5 g of ethyl cellulose in 150 ml of dichloromcthane. Then there are added 
75 ml of dichloromcthane and 2.5 ml 1,2,3-propanetriol. 10 g of polyethylene glycol is 
molten and dissolved in 75 ml of dichloromcthane. The latter solution is added to the 
former and then there are added 2.5 g of magnesium octadecanoaie, 5 g of polyvinyl- 

15 pyrrolidone and 30 ml of concen-iraied colour suspension and the whole is 

homogenaied. The tablet cores arc coated with die thus obtained mixture in a coaling 
apparatus. 

Expmpl(? 33 : Tnjgct^blg SPltition 

20 1.8 g methyl 4-hydroxybenzoaie and 0.2 g propyl 4-hydroxybenzoaic were dissolved in 
about 0.5 1 of boiling water for injection. After cooling to about 50*C there were added 
while stirring 4 g lactic acid, 0.05 g propylene glycol and 4 g of the A J. The solution 
was cooled to room temperature and supplemented with water for injection q.s. ad 1 1 
volume, giving a solution of 4 mg/ml of A.I. The solution was sterilized by filtration and 

25 filled in sterile containers. 

Example 34 : SvppositQpgS 

3 Grams A.L was dissolved in a solution of 3 grams 2,3-dihydroxybutanedioic acid in 
25 ml polyethylene glycol 400. 12 Grams surfactant and 300 grams triglycerides were 
30 molten together. The latter mixture was mixed well with the former solution. The thus 
obtained mixture was poured into moulds at a temperature of 37-38*C to form 100 
suppositories each containing 30 mg/ml of the A.I. 
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Claims 

1. A compound of formula (I), 



5 




a stcroisomcric form thereof, a pharmaceutically acceptable acid or base addition salt 
thereof; wherein 

the dotted line represents an optionial bond; 
10 X is oxygen or sulfur, 

is hydrogen, Ci-nalkyl, Ar^, Ar^Ci^kyl. quinolinylCi-ealkyl. 
pyiidylCi.6alkyl» hydroxyCi-ealkyU Ci,6alkyloxyCi.6alkyl, mono- or 

di(Ci-6aUcyl)aminoCi-6aUcyl, aminoCi.6alkyl, 

or a radical of formula -Alkl-C(=0)-R9, .Alkl-S(0)-R9 or -Alkl-S(0)2-R9. 
15 wherein AlkMs Ci-^alkanediyl. 

R9 is hydroxy, Ci-6alkyl, Ci-6alkyloxy, amino. Ci-galkylamino or Ci-gaUcylamino 
substituted with Ci-6alkyloxycarbonyl; 

R2 and R3 each independently are hydrogen, hydroxy, halo, cyano, Cj-aaUcyl, 
Ci.6alkyloxy, hydroxyCi-ealkyloxy, Ci.6alkyloxyCi-6alkyloxy, 
20 aminoCi.6alkyloxy, mono- or di(Ci.6alk>'l)aminoCi.6alkyloxy, A^^ Ar2Ci.6alkyl, 
Ar^oxy, Ar^i.6alkyloxy, hydroxycarbonyl, Ci-6alkyloxycarbonyl, trihalomethyl, 
trihalomcthoxy, C2-6alkenyl; or 

when on adjacent positions R^ and R3 taken together may form a bivalent radical of 
formula 

25 .O-CH2-O- (a-1), 

-O-CH2-CH2-O- (a-2), 
.0-CH=CH- (a-3), 
-O-CH2-CH2- (a-4), 
-0-CH2-CH2-CH2- (a-5). or 
30 -CH=CH.CH=CH- (a-6); 

R^ and R5 each independently are hydrogen. Ar^ Cj-ealkyl. Cj.6alkyloxyCi^alkyl, 
Ci.6alkyloxy, Ci.6alkylthio, amino, hydroxycarbonyl. Ci-6aikyloxycarbonyl, 
Ci-6alkylS(0)Ci^kylorCi.6alkylS(0)2Ci.6alkyl; 
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R6 and each independently are hydrogen, halo, cyano, Ci-galkyl, Cj-ealkyloxy 
orAr2oxy; 

R8 is hydrogen, Ci-6alkyl,cyano.hydroxycarbonyl,Ci-6aikyloxycarbonyl, 
Ci-galkylcarbonylCi-salkyi, cyanoCi-ealkyl, Ci-galkyloxycarbonylCi-ealkyl, 
5 hydroxycarbonylCi-ealkyli hydroxyCi.6aJkyl» sn^inoCi-fialkyl, mono- or 

di(Ci.6alkyl)aminoCi.6alkyl,haloCi-6alkyl, Ci-galkyloxyCi-ealkyl, amino- 
carbonylCi-aalkyl, A^^ Ar^Ci^alkyloxyCi^alkyl, Ci-galkylthioCi^alkyl; 
R^O 15 hydrogen, Ci^lkyl, C^galkyloxy or halo; 
R ^ ^ is hydrogen or C i .6^y 1; 
10 Ar^is phenyl or phenyl substituted with Ci-6alkyl, hydroxy, amino, Ci-galkyloxy or 
halo; and 

Ar^ is phenyl or phenyl substituted with Ci-ealkyl. hydroxy, amino, Ci-6alkyloxy or 
halo. 

15 2. A compound as claimed in claim 1 wherein X is oxygen. 

3. A compound as claimed in claim 1 wherein Rl is hydrogen, Ci.6alkyl or 
C 1 ^Iky loxy Ci -galky 1. 

20 4. A compound as claimed in claim 1 wherein R^ is hydrogen and R*^ is halo. 

5. A compound as claimed in claim 1 wherein R* is hydrogen. C^galkyl or hydroxy- 
Ci^alkyl. 

25 6. A compound as claimed in claim 1 wherein the compound is 

4-(3-chlorophenyl)-6-[(4-chlorophenyl)- 1 //-imidazol- 1 -ylmeihy I]- 1 -methyl- 
2(lA/)-quinolinonc; 

4-(3-chlorophenyl)-6-[(4-chlorophenyl)- 1 //-imidazol- 1 -ylmeihyll-2( 1 //)-quinolinonc; 
6-[ l-(4-chlorophenyI)-2-hydroxy- 1 -(1 //-imidazol- 1 -yl)eihyl]- 1 -methylr4-phcnyl- 
30 2(l//)-quinolinone; 

4-(3-chlorophenyl)-6-[l-(4-chlorophenyl)-l-{l//-imida2ol-l-yl)ethyl]-l-methyl- 
2(l//)-quinolinone; 

4-(3-chloropheny l)-6-[ 1 -(4-chlorophenyl)- 1 -(5-meihyl- 1 W-imidazol- 1 -y l)ethyl]- 1 - 
meihyl-2( l//)-quinolinone; 
35 4-(3-chlorophenyl)-6-[ 1 -(4-chioropheny l)-2-hydroxy- 1 -( l//-imidazol- 1 -yl)ethyl]-l - 
methyl-2(l//)-quinolinone; 

4-(3-chlorophenyl)-6-[(4-chlorophenyl)(I//-imidazoM-yl)methyl]-l-(2- 
methoxye[hyI)-2(l//)-quinolinone ethanedioate (2:3).monohydrate; 
6-[(4-chlorophenyl)(l/y-imidazol-l-yl)methy]]-4-(l,3-benzodioxol-5-yl)-l-meihyl- 
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2(l//)-quinolinone cthancdioate(l:l); a stcreoisomeric form thereof or a 
pharmaceuiically acceptable acid or base addition salts thereof. 

7 . A phaimaceutical composition comprising pharmaceutically acceptable carriers and as 
5 an active ingredient a therapeudcally effecnve amount of a compound as claimed in 

claim 1 to 6. . 

8 . A process of preparing a phannaceurical composition as claimed in claim 7 wherein 
the phannaceutically acceptable carriers and a compound as claimed in claim 1 to 6 are 

10 indmately mixed. 

9. A compound of formula (XVI) wherein the radicals R\ R^, R5, R^. R'^, R^, R^O 
and R^ V arc as defined in claim 1, or a pharmaceutically acceptable acid addition salt 
thereof. 

15 



25 




(XVI) 

10. A compound Of formula (XV) wherein the radicals R2 R3, R^. r5, r6 r7 r8^ rIO 
and R1^ are as defined in claim 1, or a pharmaceutically acceptable acid addition salt 
20 thereof. 



(XV) 

1 1 . A compound as claimed in any of claims 1 to 6 for use as a medicine. 




1 2. - A process for preparing a compound as claimed in claim 1 , characterized by 
a) A^-alkylating an imidazole of formula (II) or an alkali metal salt thereof with a 
derivative of formula (III); 
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,2JL 



W 



j8 



R' 



H 

(ID 



(III) 



/V-alkylation 



(I) 



b) reacting an intermediate of formula (IV) with a reagent of formula (V), wherein 
Y is either carbon or sulfur, such as, for example, a l,l'-carbonyl-bis[l//- 
imidazole]; 



10 



15 



2 <"^' 




— + R*-{- N-Y-N -7— R^ 



p5 R5 



(I) 



(V) 



c) by cyclizing an intermediate of formula (VI) thus obtaining compounds of 
formula G-a), defined as a compound of formula (I) wherein the dotted line is a 
bond, may also be obtained; 




cyclization ^ ^j.j^j 



(VI) 



d) hydrolysing an intermediate of formula (XXVI), wherein R is Ci-6alkyl, in an 
aqueous acid solution, yielding a compound of formula (I-a-1 ) defmed as a 
compound of formula (I -a) wherein R Ms hydrogen; 
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e) by opening an epoxide of formula (VII) with an imidazole of formula (II) thus 
obtaining a compound of formula (I-b), defined as a compound of formula (I) 
5 wherein R8 is hydroxymethylene; 




(Vll) (I-b) 



' f) transforming intermediate nitrones of formula (XV), prepared by N-oxidizing 
10 quinoline derivatives of fomiula (XVI), either by esterformation and subsequent 

hydrolysis or via a intramolecular photochemical rearrangement, thus yielding 
compounds of formula (I-M); 




wo 97/16443 



PCT/EP96/04661 



.46- 

or, if desired, converting a compound of formula (I) into a pharmaceutically 
acceptable acid addidon salt, or conversely, convening an acid addition salt into a 
fice base forin with alkali; and/or preparing stcrcochcmicaily isomeric forms thereof. 
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